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ABSTRACT 
In this thesis, a Choice Experiment (CE) approach was used to estimate public 
`willingness-to-pay' (WTP) for pesticide reduction in the UK. The need to determine 
WTP for pesticide reductions is driven by policy pressures to reduce the associated 
negative externalities of pesticide use. Two surveys were undertaken to examine 
different aspects of this policy concern. The first survey used a CE to value the 
public's WTP for pesticide-free food. This survey was large in scale but relatively 
simple in design. The second survey employed two related but separate CEs to value 
WTP for reductions in insecticides, herbicides and fungicides in the UK. In particular, 
it was designed to examine WTP with respect to `environmental safety' and `food 
safety' issues. 
The first survey was part of a large survey conducted `in-home' by MORI for 
DEFRA. Though access to a MORI survey yielded a large number of respondents, the 
simplicity of the CE is a reflection of the space constraint faced. WTP for pesticide 
reduction was estimated by employing a `standard' conditional logit (CL) model. An 
important component of this research is the use of a novel statistical approach to 
generalise the CL to allow and measure respondents' tendency to mis-report their 
`true' preferences. To facilitate estimation, Bayesian methods were used. The 
motivation for employing the generalised CL lies in the considerable concern 
expressed in the WTP literature regarding upwardly biased WTP estimates. Bayes 
Factors were used to assess model specification and indicate a strong preference for 
the generalised CL. As anticipated, many respondents (41%) reported `false' 
preferences, most of which (79%) reported in favour of `No Pesticides' food. By 
accounting for bias in responses, WTP estimates were downwardly revised by 35% 
relative to the standard CL. However, adjusting for mis-reporting reduced WTP from 
149% to only 97% for `No Pesticides' food. 
The second survey was mail-delivered and included two CEs. Though a smaller 
sample than the first survey was obtained, both of these CEs were much more 
sophisticated. These CEs differentiated environmental and health concerns, by 
associating each with a particular commodity: bread, and a basket of fruit and 
vegetables, respectively. Both CEs were designed to estimate marginal WTP for 
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insecticide, herbicide and fungicide reductions. Using Classical statistical methods, 
the CL specifications revealed that being female, environment- or food safety- 
sensitive, living as a couple, caring for dependents, and regularly purchasing organic 
food are factors that increase WTP for reduced-pesticide food. However, higher 
income, age and education seem to reduce WTP. In order to account for 
heterogeneity, a latent class model (LCM) was estimated. Segments with positive 
payment parameters were initially observed. This instance of yea-saying was resolved 
by discarding respondents who only chose `No Pesticides'. The LCM revealed a 
significant segmentation of the population in both CEs. Moreover, the LCMs yielded 
higher WTP estimates than CLs. WTP, expressed as percentage of the baseline price, 
was higher in the `environmental safety' CE (102% and 83% for LCM and CL 
respectively) than in the `food safety' CE (69% and 40% for LCM and CL 
respectively). 
Overall, the results presented in this thesis indicate that the public is willing to pay a 
considerable premium for food produced using less or no pesticides. Our results are 
reasonably similar for the two surveys conducted and the variation in econometric 
methods employed. Furthermore, the results are in keeping with the limited results 
available in the literature to date. 
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CHAPTER 1- INTRODUCTION 
1.1. The Problem 
Being pollutants, pesticides are a major target for policy interventions that aim to 
reduce their applications, or at least limit their potential impacts on the environment 
and society at large. In an effort to render them effective and efficient, the scale of 
these interventions is being increasingly informed by survey-based willingness to pay 
(WTP) valuation methods. The survey instruments used to this end vary from simple 
contingent valuation (CV) exercises to the conceptually related, but more complex, 
attribute-based methods such as choice experiments (CEs). The former would value 
discrete intervention scenarios, such as, say, a one-off payment to finance a policy 
programme for the mitigation of the adverse pesticide impacts on a range of wildlife 
species. The latter would focus on the marginal trade-offs between the different 
pesticide impacts, such as, say, food safety, biodiversity and soil quality, rather than 
discrete scenarios. 
Most WTP pesticide valuation exercises have thus far concentrated on valuing the 
`impacts' of pesticides; most notably multi-attribute CEs such as encountered in 
Foster and Mourato (2000) and Travisi and Nijkamp (2004). These studies try to 
define a bundle of attributes that would account for the main potential impacts of 
pesticide usage; namely human safety and environmental integrity. Though the 
ultimate motivation behind this line of research is to inform the formulation of 
economic incentives that optimally reduce the reliance on pesticides, such as taxes, 
the CEs actually value the public's utility gains from the mitigation of pesticide 
impacts, rather than reductions. Hence the need for additional steps to translate these 
WTP values into WTP for reduced pesticide usage, i. e. transfer them to the pesticide 
product. This is understandable, given that the pesticides impacts are what is visible 
to the respondents, and may therefore be much easier to relate to than pesticide 
reductions. 
As Foster et al. (1998) argue, the complexity and multi-dimensionality of pesticide 
impacts on natural ecosystems necessitates that simplifying assumptions be adopted 
to relate these damage values to the pesticide product, the linkage between the two 
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being imperfect (Pearce and Tinch, 1998). The appreciation of these issues besetting 
the impact valuation approach is one of the main motivations for this thesis. Part of 
the work presented below is an attempt to design a process-based CE that directly 
values pesticide reductions rather than impacts, yielding WTP estimates that can more 
readily be used in the design of pesticide taxes. However, account was taken of the 
substantial shortcomings of this approach. Namely, respondents need to be briefed 
about the likely, but highly uncertain, outcomes underlying pesticide reductions in 
terms of improvements to human and environmental health. The implications of such 
information load to the validity of model and WTP estimates need to be critically 
assessed before advocating this process-based valuation approach. 
The hypothetical context in which stated preference surveys are conducted may result 
in various methodological problems, mainly to do with the fact that the stated choices 
and associated WTP may not be totally in line with `true' preferences. These 
problems are exacerbated to the extent that the survey suffers from weaknesses in its 
design, resulting in various degrees of incentive incompatibility. Many advances in 
survey design and econometric estimation have addressed these problems, and it is 
often argued that even where hypothetical choices and WTPs differ from actual ones, 
they do so in a systematic fashion that may be quantified (Blackburn et al., 1994). 
This work presents the application of econometric tools to account for, and mitigate, 
many of these problems. Specifically, the problem of hypothetical bias, mis-reporting 
of `true' preferences and overstated WTPs, is addressed with the novel application of 
a generalised conditional logit (CL) model that estimates, in addition to preference 
parameters, the proportion and direction of mis-reporting of `true' preferences. Also, 
the use of latent class segmentation analysis to address the problem of yea-saying in 
choice experiments is investigated. Segments exhibiting anomalous preferences are 
isolated, and the underlying motivations for yea-saying are explored. 
1.2. Pesticides: A Background 
Pesticides are defined as `any substance, preparation or organism prepared or used, 
among other uses, to protect plants or wood or other plant products from harmful 
organisms; to regulate the growth of plants; to give protection against harmful 
creatures; or to render such creatures harmless' (Food and Environment Protection 
Act 1985). The period following World War II has witnessed an increasing reliance 
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on pesticides as the mainstay of pest, disease and weed control (Travisi et al., 2006). 
Indeed this has contributed massively to the rise in agricultural production and 
productivity (Babcock et al., 1992; Chambers and Lichtenberg, 1994). However, 
starting in the 1970s, the rise of public awareness of the polluting impacts which 
sporadic scientific evidence attribute to pesticides has come to dominate the social 
debate on pesticide use (Travisi et al., 2006). Concerns that feed into this debate are 
mainly bred by the biocidal properties of these agents, with potential implications to 
both the environment and human health. Pesticide impacts vary considerably across 
the natural dimensions in which they occur. In the case of human health, pesticides 
may accumulate into residues in fresh as well as processed foods. This is evidenced 
by the Pesticides Residues Committee (PRC), which annually monitors over 170,000 
pesticide/commodity combinations in the UK food market (PRC, 2004). These 
residues, if found in sufficient amounts, may lead to either direct morbidity on the one 
hand, or the impairment of children's neurobehavioural development on the other 
(Landrigan, 2001). Occupational hazards are an additional facet of pesticide impacts 
on human health (Hamey, 2001). As for the environment, impacts have at least 
contributed to the decline in the population of specific species such as farmland birds 
(Boatman et al., 2004; Newton, 2004). 
Legislative and regulatory instruments are a widely used strategy to the mitigation of 
risks posed by pesticides. These measures tend to be indiscriminate and uniform in 
nature, as is the case with many pesticide bans and use restrictions. However, this 
approach is likely to be inefficient, especially in that the resulting costs incurred by 
farmers in terms of productivity losses, and by consumers in terms of quality losses 
and price increases, are not being weighed against the benefits. Moreover, this 
strategy assumes that the nature and magnitude of these costs is defined in the first 
place, which is not usually the case. Hence alternatives with more partial aims have 
been advocated, and from this perspective, pesticide taxes were deemed more 
appropriate than outright bans in many situations, whereby farmers are forced to 
consider cost-effective options in their selection of pesticide chemicals (Zilberman et 
al., 1991; OECD, 2000). 
Thus alternative policy tools that seek to reduce pesticide usage through other means 
have recently gained currency. Examples include pesticide taxes in Denmark (Fox, 
2004) and the Voluntary Initiative in the UK. Economic research has played an 
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important role in informing the debate about the choice and design of policies to deal 
with pesticide externalities. Where taxation was the policy of choice, economic tools 
were widely employed in order to ensure the efficiency of the levies implemented. 
One particular aspect of economic research has been the attempt to estimate 
consumers' willingness to pay (WTP) to reduce or avoid the potential negative 
impacts of pesticides (Foster and Mourato, 2000; Mourato et al., 2000), using survey- 
based techniques. The WTP estimates for environmental and human health 
improvements from changes in current pesticide usage provide an important input 
into cost-benefit studies of pesticide use (Hanley, 2001). They would also be of great 
assistance in the design of taxes (Foster et al., 1998), as they will directly translate 
into `external costs' resulting from pesticide use which need to be `internalised' into 
the decision to apply pesticides. Given the potential importance of such estimates to 
policy-makers, it is necessary to ensure that WTP estimates are consistent and 
meaningful. 
It has become commonplace to estimate the costs of pesticide usage and its impacts 
with the development of survey-based environmental valuation techniques (Foster 
and Mourato, 2000). These estimates are usually in the form of stated marginal WTP 
for hypothetical reductions of the different types of negative impacts blamed on 
pesticides. No study has attempted a direct valuation of reduced levels of pesticide 
usage as such, i. e. the informed valuation of the `process' of pesticide application, as 
opposed to its `impacts' or `symptoms'. To the extent that such and approach is 
feasible, it would be more useful from a policy perspective. In fact the `impact' 
valuation approach would render difficult the task of converting stated values for 
reduced impacts into values for pesticide reductions that are needed to design 
pesticide taxes, and would have to involve many simplifying assumptions given the 
myriad scientific uncertainties that underlie the field (Foster et al., 1998). This 
difficulty is due to the scientific uncertainty about the precise impacts of pesticide 
usage, and the resulting intractability of the quantitative relationships between 
multiple pesticide application levels and multiple potential impacts. 
However, if reductions in the levels of application of pesticide classes are being 
valued, what are the respective contributions of health and environmental concerns to 
each of these values? Accounting for these concerns in the process-based valuation 
approach poses a challenge to the researcher. Conveying the scientific knowledge on 
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the potential health and environmental impacts that different pesticide classes present 
in different arenas needs to be both concise and informative, lest stated values be 
inconsistent with real-life contingencies. 
The challenge addressed in this study is therefore twofold: 
" First, consumers' preferences for reduced pesticide usage, informed with the 
current scientific knowledge of pesticide risks, need to be valued across the main 
pesticide classes by means of a stated preference survey. 
" Second, the design of this survey needs to be modified in a way to make possible 
the segregation of health and environmental `impact' components in the resulting 
`pesticide reduction' WTPs. 
In this approach, the information burden and scientific uncertainty besetting pesticide 
risks need to be carefully conveyed to respondents. This is a much more difficult task 
than the one faced in the impact valuation approach, where the information burden is 
much less of a problem. In the latter approach, one could argue that virtually all the 
needed information is already presented in the attributes, their descriptions and their 
levels, as these are specifically framed to be of direct relevance to the lay respondent. 
In contrast, respondents in the process-based valuation approach are expected to 
ponder the uncertain risk reductions that underlie corresponding pesticide reductions, 
based on the scientific risk information provided them prior to the choice tasks. This 
should be performed in a fashion that would help align specific pesticide classes and 
uses with the associated impacts in the least arbitrary way possible. Indeed the big 
risk is that respondents may disregard the underlying risk information altogether, and 
instead opt to pondering their (possibly) highly arbitrary perceptions about them. This 
arbitrariness might be exacerbated by deficiencies in survey design and the provision 
of information, compromising the incentive compatibility properties of the choice 
scenario. Two obvious results that are well-documented in the literature are 
hypothetical bias (yielding overstated WTP estimates) (Murphy et al., 2005), and 
`yea-saying', or the reliance on cognitive heuristics to state highly expressive choices 
that are inconsistent with `true' preferences and the provided information (Blarney et 
al., 1999). Therefore, the validity of the results is assessed by using various 
methodological and econometric tools to investigate the presence of, account for, and 
mitigate, these symptoms of choice inconsistency. 
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Next, an economic model formalising potential external costs of pesticide usage is 
proposed and illustrated diagrammatically. Indeed valuing WTP for reduced pesticide 
usage is an appropriate way to quantify these external costs. 
1.3. Externalities and Pesticides Usage 
Economists often refer to costs as being either private (meaning internal) or social 
(both internal and external). Differences in how costs are viewed by different parties, 
referred to as externalities, lead to an important distinction between private and social 
costs (Hanley et al., 1997; Pearce and Tinch, 1998). Private costs are usually 
measured by market prices and direct the use of resources available to the producer 
(i. e. in the pursuit of maximum profit). Social costs are often not fully measured in 
market prices and reflect, in addition to private costs, external costs (or benefits) 
arising from private actions that are borne by society as a whole. Discrepancies 
between private and social costs give rise to market failure and less than Pareto 
optimal welfare. This is a condition of maximum economic efficiency in which no 
alternative allocation of resources can be found "to make any person better off 
without hurting anybody else" (Varian, 2003). When the externality is a cost, one 
talks of a negative externality that harms or burdens society at large and is 
unaccounted for by private producers. An example is found in pollution, as with the 
use of pesticides in agricultural production, or in excessive noise. Conversely, when 
the externality is a benefit, one talks of a positive externality. An example is a forest, 
for which recreationists are not charged an access fee in return for its public amenity 
value. 
The problem of external costs and Pareto social optimisation can be visualised in 
Figure 1.1 below in the context of pesticide use. This diagram shows the Marginal 
Revenue Product curve for a farmer F who is producing a single crop Y. His yield is a 
function of the application level of a pesticide X measured in Kgs of the pesticide 
active ingredient (a. i. ) per hectare of land, in addition to a vector of other inputs Z. X 
is both an input to production and a potential pollutant threatening to impact both the 
natural environment and health of the surrounding population. Holding Z constant, X 
increases per hectare yield Q- and hence revenue R which is proportional to it, given 
that it is equal to Qxp, p being the constant market price of Y- at a decreasing rate. 
Hence the decreasing slope of the Marginal Revenue Product of X, which is 
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Figure 1.1 Socially and privately optimal levels of polluting activity 
£/Kg a. i. 1ha 
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Optimum Optimum (Kg a. i. /ha) 
consistent with the Cobb-Douglas functional form commonly selected for the 
contribution of pesticides to the production function (Chambers and Lichtenberg, 
1994). This functional form treats X as a normal productive input. The farmer's 
Marginal Factor Cost, i. e. the private unit cost of X dictated by the market, is shown 
as a horizontal line. His Marginal External Cost stemming from the alleged external 
impact of using X (Steiner et al., 1995), is taken to be equal to the marginal 
consumers' WTP for pesticide reduction valued for the individual. This value can 
then be aggregated over the affected population. His External Marginal Cost is 
assumed to increase with increasing application levels, following one of the working 
hypotheses that this work will test. This hypothesis is based on the proposition that 
consumers or citizens are more alarmed by high pesticide application levels than by 
lower levels. Therefore, they are willing to pay a higher premium in return for unit 
pesticide reduction when the baseline application level is higher. 
Initially, the farmer F, who is a rational producer, maximises his profits by choosing 
the application level of X where his Marginal Revenue Product and Marginal Factor 
Cost are equal. This corresponds to the point where the two curves intersect, and 
results in a profit-maximising equilibrium position referred to as private optimum. He 
would not account for his Marginal External Cost in this situation, as this cost 
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pertains to a non-excludable public good and is non-monetary by its very nature. The 
private optimum only reflects monetary costs of commodities traded in the market. 
Suppose now that F is forced to internalise this external cost into the prices he could 
visualise through a tax imposed on X by the government. This tax reflects exactly the 
Marginal External Cost as elicited for the neighbouring population by means of a 
valuation survey. Hence F, rather than the affected population, will incur this now 
monetised cost. F's private and external costs will then add up to the Marginal Social 
Cost, which therefore increases with increasing levels of X and lies at a higher 
position than the Marginal Factor Cost. Subsequently, F will have to reduce his 
pesticide application level to a new equilibrium position referred to as social 
optimum. This position corresponds to the intersection of the Marginal Social Cost 
curve and the Marginal Revenue Curve. Pareto optimality is hence achieved (Hanley 
et al., 1997; Pearce and Tinch, 1998). 
This simple model helps in visualising the problem of pesticide externalities and 
conceptualising the importance of estimating consumers' WTP for pesticide reduction 
in the context of welfare optimisation. A key aspect that will be addressed in this 
study is to employ adequate survey-based valuation tools to elicit these WTP values 
as stated by the public. These values will then be useful in informing the design of 
efficient taxation policies to address the problems that may arise from pesticide 
usage. 
1.4. Aims and Objectives 
This thesis sets out to explore a variety of survey design and methodological issues 
around attribute-based choice experiments (CEs), in the context of the valuation of 
reduced pesticide usage. 
The feasibility of a valuation scenario based on the actual `process' of pesticide 
application, rather than the predominant approach of valuing the alleged `impacts' or 
`damage' caused by these application, is explored. That is, survey participants will be 
asked to value reductions of insecticides, herbicides and fungicides in the UK, rather 
than the alleviation of alleged pesticide impacts on, say, food safety, mammalian 
species and soil microorganisms in British ecosystems. As argued above, the outcome 
of such an approach would be more appealing to policy-makers to the extent that it 
produces accurate results. However, the validity of the WTP estimates generated by 
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this valuation scenario needs to be established. The challenge lies in how to present 
the scientific information on pesticide risks for respondents to state meaningful 
choices, if of course this scenario can deliver meaningful choices at all. Therefore, 
this research verifies whether this approach is feasible, and hence whether the model 
and WTP estimates can be validated as reflecting `true' or `meaningful' choices. 
Whether the weights that respondents assign to each pesticide class will reflect the 
scientific information provided in the survey questionnaire will be investigated. A 
segmentation approach is also used to further scrutinise which segments in the 
population are better able to handle choice tasks within this valuation framework, in a 
way to reflect the scientific information on pesticide risks that paves the way to the 
choice exercise. 
Partly related to the first objective, latent class analysis is employed to investigate 
whether a segment of the population states choices that are altogether economically 
irrational. While the prime use of latent class analysis is to uncover preference 
heterogeneity in the population, its use to detect sub-sets of respondents in the sample 
that make irrational choices can be explored, arguing that such a sub-set can be 
econometrically treated as just another `segment'. This way, LCM can be proposed as 
a tool to diagnose and quantify the degree of failure in survey design. 
Finally, this work seeks to explore the applicability of a novel model that generalises 
the standard conditional logit (CL) model to account for, and mitigate, potential mis- 
reporting. More specifically, this work aims at establishing this model as a tool to 
address hypothetical bias, whether this latter is an intrinsic property of stated 
preference surveys in general, or, again, simply a symptom of survey design 
weaknesses. The success of this model would mean that it could be used alongside 
adequate survey design, and by no means as a substitute to it. 
1.5. Research Hypotheses 
9 The process-based pesticide valuation scenario can yield `information-reflective' 
WTPs - parameter and WTP estimates will be validated using a variety of ways: 
o Parameter and WTP estimates are positive for all three pesticide classes: 
insecticides, herbicides and fungicides, in both an `Environmental Safety' 
context and a `Food Safety' context. This reflects consumers' WTP for 
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`pesticide-free' food, as already witnessed by the substantial premiums 
food shoppers are ready to pay for organic foods and other eco-labelled 
products. 
o WTP estimates reflect the background information on pesticide risks and 
impacts preceding the choice tasks. Therefore, in an `Environmental 
Safety' context, the parameter and WTP estimates for percent fungicide 
reduction should be much lower in magnitude than those for insecticide 
and herbicide reduction, in line with the presented fact that fungicides are 
not a major cause of decline in bird populations in UK arable agriculture. 
Similarly, the parameter and WTP estimate for percent herbicide reduction 
in a `Food Safety' context should be much lower in magnitude than those 
for insecticides and fungicides, in line with the fact that herbicide residues 
are not as widely detected in fruits and vegetables as are fungicides and 
insecticides. 
" The Bayesian Generalised CL model successfully detects and mitigates mis- 
reporting - the success of this model is evaluated as follows: 
oA significant proportion of respondents mis-report their `true' preferences, 
i. e. the model manages to establish the estimated proportion of mis- 
reporters as different from null with confidence. 
o These respondents mostly mis-report in favour of socially or morally 
desirable options, i. e. food items with less or no pesticides as opposed to 
items produced under conditions of standard pesticide use. 
o After accounting for mis-reporting, WTP generally decreases in 
magnitude, meaning that the model successfully manages to relate mis- 
reporting to hypothetical bias in one econometrically parsimonious 
framework. 
A segmentation approach to analysis, using the latent class model (LCM), can be 
used to detect and quantify the segment of `yea-sayers' in the sample of 
respondents - the LCM model will detect a segment of yea-sayers that has a null 
or positive price parameter, to indicate a disregard for the price variable., if yea- 
saying is a problem besetting the survey responses 
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1.6. Thesis Structure 
In this section, the structure of the thesis is outlined. Chapter 2 review the background 
literature on the topic. In Chapter 2, the available scientific evidence on the 
occurrence of pesticide impacts is outlined. Gaps in this knowledge that make it very 
difficult to quantify pesticide impacts and relate them to pesticide applications are 
highlighted. The concepts of pesticide hazard and risk will be clarified. This will lead 
to the overview of probabilistic human and environmental risk assessment approaches 
that can be applied to pesticides. Chapter 2 also describes the use of stated preference 
(SP) techniques in environmental valuation, with emphasis on the valuation of 
pesticide risk reduction and pesticide elimination. It was shown why SP methods are 
more adequate than revealed preference (RP) approaches for non-use valuation. SP 
methods are then described at length. Attribute-based choice modelling (CM) are 
introduced, leading to choice experiments (CE). Early and current uses, advantages 
and stages of survey design are discussed. Model and welfare estimations using the 
standard conditional logit (CL) are described. Then the effects of information 
provision and environmental labelling on contingent values from SP surveys are 
reviewed. The problem of hypothetical bias, the mis-reporting of `true' preferences 
and the subsequently inflated WTP estimates in SP surveys are also reviewed. 
Methods to account for and mitigate hypothetical bias through refined survey design 
and statistical manipulation are described. Emphasis is placed on a generalised CL 
model that modifies the likelihood function to account for misclassification of the 
dependent choice variable. Finally, heterogeneity in preferences will be discussed. In 
particular, the latent class model (LCM), a generalisation of the CL that accounts for 
heterogeneity in the population by estimating a finite number of segment-specific 
parameters and membership probabilities, is introduced. Early and current 
applications, model specification and estimation, and welfare estimation in LCMs 
will be detailed. 
Chapters 3 and 4 present the detailed methodology followed in this project, and the 
two CE surveys are described. In Chapter 3, the first CE survey, included in a 
nationwide MORI poll conducted for DEFRA is presented and described. Here, a 
generalised CL model - the unconditional probability of mis-reporting (UPMR) 
model - that accounts for the possibility of respondents mis-reporting their `true' 
preferences is proposed. Chapter 4 presents the detailed methodology used to analyse 
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the second CE survey which deals with the multidimensional aspects associated with 
reduced pesticide usage. The initial framework in which the problem was first 
conceptualised is outlined. In this framework, WTPs for pesticide risk reductions 
valued in a CE are combined with probabilistic estimates mapping risk abatement 
with corresponding nationwide pesticide reductions, and subsequently transferred to 
the pesticide product. However, to address the difficulties in pursuing this line of 
research, an alternative framework of direct `pesticide reduction' valuation is 
proposed. In this framework, the second CE survey is presented and described. This 
survey contains two experiments, in an effort to disentangle health and environmental 
contributions to WTP estimates for reduced pesticide usage. These two experiments 
are multidimensional in nature, whereby each includes attributes representing 
nationwide reductions in the three main pesticide classes. The design of these two 
experiments is fully described. 
Chapters 5 and 6 present and discuss the results from the MORI and the 
multidimensional CE surveys respectively. In Chapter 5, standard CL and UPMR 
parameter estimates are contrasted using a Bayesian implementation; the same is 
done with respect to WTP estimates. Whether or not respondents mis-report their 
`true' preferences, and therefore state inflated WTPs for `No Pesticides' food, is 
investigated. The extent and direction of mis-reporting is also looked into. The results 
are qualified by explaining parameter and WTP estimates with a set of socioeconomic 
and attitudinal variables. In Chapter 6, the hypothesis of decreasing marginal WTP is 
first tested for both experiments. Different standard CL specifications are 
implemented in order to improve the model by including socioeconomic and 
attitudinal variables. Next, LCM estimation is implemented. To answer the problem 
of `yea-saying', exploratory analyses are conducted to identify and eliminate `yea- 
sayers'. LCMs are then re-estimated, and heterogeneity in partworth estimates is 
interpreted. Finally, WTPs for different pesticide reduction scenarios are simulated. 
Standard CL and LCM estimates are compared. These welfare estimates are 
evaluated, and parallels and contrasts are drawn with similar studies in the literature 
as well as the MORI CE. 
Chapter 7 concludes this study. The main findings are summarised, and the 
methodology and policy implications highlighted. Limitations to this study are 
discussed, along with possible avenues for future research. 
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1.7. Research Key Contributions to Knowledge 
The focus of this work has gradually evolved from being empirical and policy- 
oriented to being mostly methodological. In fact its key contributions to knowledge 
are mostly relevant to the survey design and econometric analysis of choice 
experiments. On the one hand, econometric tools are proposed to test and correct for 
potential inconsistencies between `stated' and `real' preferences, and which may arise 
as a result of the hypothetical context of choice modelling. On the other hand, the 
feasibility of pesticide valuation scenarios based on the `process' of application, 
rather than those typically addressing the `impacts' or `outcomes' of the pesticide 
application, are explored. 
The following is an outline of what are thought to be the key contributions of this 
thesis: 
" Exploring the feasibility of using a CE valuation scenario based on the `process' 
of pesticide applications, rather than the usual pesticide `impacts' or `outcomes' 
- the results indicate that respondents struggled with this type of scenario. Indeed, 
compared with the `impacts' scenario, the adopted `process' scenario necessitates 
the additional cognitive step of transferring the multidimensional pesticide 
`impact' values to the insecticide, herbicide and fungicide products, respectively, 
and respondents did not seem to be willing/able to process this information. 
However, such a claim cannot be fully substantiated by this work, for the 
difficulties associated with the scenario were to a considerable extent 
compounded by the many shortcomings in the design of the CE. 
" Applying a generalisation of the conditional logit (CL) model in a Bayesian 
setting to account for and mitigate potential mis-reporting -a generalised 
conditional logit model that corrects for respondents' mis-reporting of `true' 
preferences, and consequently revises down overstated WTPs, is applied for the 
first time here. Indeed a similar generalisation of the logit model to account for 
the mis-classification of the discrete response variable has already been 
developed. However, the model applied herein is an innovation in at least three 
respects: it is implemented in a Bayesian setting; its model specification can be 
more easily extended to choice experiments with increasing numbers of 
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alternatives; and it addresses the implications of mis-reporting to WTP in addition 
to choice probabilities. 
" Exploring the feasibility of using the latent class model (LCM) to identify and 
mitigate potential 'yea-saying'- the LCM is a powerful extension of the CL that 
can identify and quantify distinct preference segments in the population. Indeed, 
this work proposes the use of the LCM to identify and quantify potential `yea- 
saying' as reflected in segment(s) with anomalous preference and response 
patterns; in the case at hand, segments with positive payment parameters. 
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CHAPTER 2- WILLINGNESS-TO-PAY VALUATION AND 
PESTICIDE RISK REDUCTIONS 
2.1. Pesticide Health and Environmental Impacts in the UK: Current 
Information and its Evaluation 
2.1.1. Documenting pesticide pollution 
Biocidal pesticides can easily have toxic effects on organisms other than the pest 
meant to be controlled. The wide range of pesticides and their target pests results in a 
wide range of non-target organisms being affected, spanning soil microorganisms, 
wild plants, invertebrates, vertebrate birds and mammals and, indeed, humans. These 
effects can be direct, as in the case of young children's exposure to dietary pesticide 
residues (Boon and van Klaveren, 2003; Pennycook et al., 2004) which are blamed 
for later neurodevelopmental defects (Landrigan, 2001). Also, these effects can be 
indirect, as in the case of the impact of herbicide and insecticide applications on feed 
sources and habitats of farmland birds, leading to their decline (Boatman et al., 2004; 
Newton, 2004). 
There is a large body of data and studies in the UK that detail the current state of 
knowledge on pesticide use and its alleged impacts. For example, the Health and 
Safety Executive's 2004/05 annual Pesticide Incident Report (HSE, 2005) 
investigated 150 reported pesticide incidents (complaints). Among these incidents, 55 
involved allegations of ill health due to pesticide exposure. None of these allegations 
was confirmed to have a link to pesticide use, and only 5 were deemed likely to be 
caused by pesticides. Other examples are the annual reports by the Department for 
Environment, Food and Rural Affairs (DEFRA) on `Pesticide Poisoning of Animals' 
(Barnett et al., 2004). In 2003, there were a reported 397 suspected pesticide 
poisoning incidents registered. The causes were confirmed for 203 incidents, of 
which 126 were found to be pesticide poisoning. Four of these incidents arose from 
approved pesticide use, and 17 were the result of misuse or careless pesticide 
application, while deliberate abuse resulted in 85 incidents. Of the poisoning cases 
confirmed to be related to pesticides, 63 were vertebrate wildlife, 42 were companion 
animals, and 8 were honeybees. In these two examples, there is clearly an issue of 
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how pesticides are used. In fact it is expected that misuse and abuse that are the 
reasons for most recorded problems, as opposed to the approved use per se. It is 
therefore these two factors that are mostly being captured by the statistics. In all this 
information, nothing can be inferred about the systematic and approved pesticide 
usage on a national scale. Also, these statistics relate to the negative consequences of 
pesticide (mis/ab)use that are realised, and in which risks attached to pesticides 
become actualised. Information on the risks themselves is missing. 
Conversely, data on the occurrence of pesticide exposures that are thought to pose 
high risks are available, according to some scientifically informed threshold levels of 
exposure that are conservative, without any evidence on whether these risks are being 
realised. In the case of food, one example is the Pesticides Residues Committee 
(PRC) annual report that publishes the results of its monitoring programme for 
pesticide residues in food and drink (PRC, 2004). For that, 223,000 
pesticide/commodity combinations were surveyed in 2004, aiming at foods that are 
most expected to contain residues. In 2004,3,854 samples were analysed, and 69% 
were found to have no pesticide residues at all. In 24% of the samples, pesticide 
residues were below the legislated Maximum Residual Levels (MRLs), while only 
1% of the analysed pesticide/commodity combinations exceeded the MRL. However, 
no concern for human health would necessarily result from the intake of such residue 
levels, and, according to risk assessment carried out on these samples, only in a few 
cases would mild effects be caused by eating the food item without any preparation. 
Some environmental indicators and censuses, and studies that build on them, go 
further. They try to establish some causal links between agricultural practices in 
general (pesticide applications among others) on a regional or national scale, and 
some of their alleged environmental impacts on biodiversity. For example, DEFRA 
publishes the Farmland Bird Indicators (FBI) as a good indicator of the broad state of 
the countryside. In fact birds occupy a wide range of habitats, tend to be near the top 
of the food chain, and a considerable amount of long-term data has been collected on 
them. An example is the Common Birds Census, running for more than four decades 
now (Siriwardena et al., 1998; Benton et al., 2002). The FBI provides a summary of 
population trends for 20 key farmland bird species. Between 1970 and 2000, there has 
been a 46% decline in the FBI, with a key factor being the loss of habitat diversity 
that is caused by agricultural intensification. Pesticides, being an important facet of 
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this intensification, have contributed in many indirect ways to this loss of habitat and 
the resulting decline. The use of insecticides kills arthropod preys of birds, which in 
turn reduces their breeding productivity (Boatman et al., 2004). The use of herbicides 
reduces the abundance, or even eliminates, non-crop plants that are hosts for these 
arthropods on which farmland birds feed during the breeding season. Also, herbicides 
may deplete or eliminate plants that provide feed for many farmland bird species, 
either as green matter or as seeds, and therefore reduce the survival of these birds 
(Boatman et al., 2004; Newton, 2004). Indeed these studies remain qualitative in 
nature, establishing the probable existence of a link between pesticides (as an aspect 
of intensified agriculture) and decline of bird species, without quantifying them. What 
is apparent from these data is that, comparable to those caused by organochlorine 
pesticides mainly in the years around 1960, there are less direct impacts on birds from 
pesticides (Newton, 2004). It is also the case that nowhere in the literature is it 
established that banning pesticide use in agricultural production is alone sufficient to 
yield an increase in the FBI. 
2.1.2. The implications of the current status of information on pesticide hazards to 
the economic evaluation of their reductions 
It is clear from the information outlined in section 2.1.1 that the information about the 
impacts of pesticides is schematic and fragmented at best. Some surveys establish the 
occurrence of context-specific cases of pollution mostly caused by misuse or abuse. 
Some others detect the occurrence of certain pesticides as residues in food, or in 
aquatic environments, without any quantitative inference as to their implications for 
human health and biodiversity, respectively. On the other hand, in the case the 
agricultural pesticides and their contribution to the decline in farmland birds, for 
example, it is well-known that this is the case only to the extent that they constitute an 
aspect of agricultural intensification prevailing since the 1950s. Agricultural 
intensification includes increases in the use of fertilizers, the removal of hedges and 
other uncultivated areas to produce larger fields, the shift from mixed farming to 
monoculture, earlier harvesting dates and many other factors (Newton, 2004). Indeed 
disentangling the specific impacts of pesticides from all the rest remains an 
intractable problem. Moreover, it is not clear whether the simple reduction in 
pesticide use will bring about a recovery of the bird populations, since the measures 
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necessary to effect such a recovery will have to involve more factors pertaining to 
agricultural intensification than. simply pesticides. 
Therefore, many studies evaluating the positive economic impacts of pesticide 
reductions have so far been forced to rely on simplistic representations or indices of 
pesticide risks, rather than a thorough and quantitative assessment of the risks 
themselves. An example of such indices is the EcoRR model, a composite scoring 
index used to compare the relative risks of different pesticides (Sanchez-Bayo et al., 
2002). As described by the author, these scores are not absolute risk values in the 
sense of a risk assessment. Rather, they are relative measurements that are used to 
compare risks among sets of chemicals (i. e. which chemical is likely to pose more 
risks given its toxicological, environmental and other profiles). Thus they are more a 
reflection of `hazards'. Hazard is actually defined in this context as "a property or 
situation that in particular circumstances may cause harm, and consequences are the 
adverse effects of realising a hazard, which cause the quality of human health or the 
environment to be impaired in the short or longer term" (Edward-Jones et al., 1998). 
Risk, however, is determined both by hazard and exposure to that hazard (Verdonck 
et al., 2002). Hence these methods remain highly subjective. While they do take 
account of the different threats that pesticides pose to different environmental and 
health dimensions, ratings of these threats are weighted and aggregated across 
compartments in a rather arbitrary manner. This is usually done through simple 
arithmetic manipulations such as weighted linear addition. Other examples of indices 
applied to pesticides are found in Finizio et al. (2001) and Edward-Jones et al. 
(1998). This said, more rigorous approaches, in which probabilistic methods are 
employed to estimate exposure risks to given environmental and health hazard levels, 
have recently gained currency. What follows is a brief summary of these methods. 
2.1.3. Predicting Pesticide Impacts Using Probabilistic Human and Ecological Risk 
Assessment: An Outline of Current Methods 
In this section, methods used to estimate the human and environmental risks of 
pollutants (e. g. pesticides) and how these risks respond to decreases in toxicity and 
exposure are briefly summarised. This said, it should be noted that this discussion 
only gives a glimpse of these methods, as the line of research combining CE 
valuation and risk assessment that was first pursued during the course of this study 
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was later abandoned in favour of a simpler approach. The reasons for this will be 
fully explicated in Chapter 4. Suffice it now to say that the scientific and technical 
intricacies of pesticide impacts are best left to multi-disciplinary research involving 
both scientists and economists. 
`Environmental Risk Assessment' is a science-based process that predicts the 
probability of an environmental hazard occurring due to industrial activities or 
chemical applications (pesticides in this case) (Hamer, 2000). This definition can also 
be applied to human risk assessment. A risk assessment exercise can be broadly 
outlined as follows: 
" Hazard identification/assessment. This is sometimes referred to as effects 
assessment (Posthuma et al., 2001), in which the potential of a stressor or group 
of stressors to cause harm to an organism or group of organisms is estimated. The 
end result of this process is a hazard (or stressor response) profile. 
" Exposure assessment, in which the exposure to a release or occurrence of a 
stressor or group of stressors in a medium is estimated. The end result of this 
process is an exposure profile. 
" Risk characterisation in which hazard and exposure profiles are combined to 
estimate the risk of occurrence of adverse environmental or health hazards 
associated with exposure to the stressor(s) (Calow, 1998; Hamer, 2000; Wilkinson 
et al., 2000; Posthuma et al., 2001). 
Probabilistic approaches to risk assessment are designed to account for the variability 
and uncertainty of pollutant toxicities across species, the spatial and temporal 
variability and uncertainty in exposures, and the uncertainty attached to each. EC and 
SS (such as NOEL) are therefore considered to be random variables drawn from 
probability distributions (environmental concentration distribution (ECD) and species 
sensitivity distribution (SSD)) which combine to generate a risk quotient distribution 
(RQD) (Verdonck et at., 2002). The use of such approaches has been widely 
advocated, whether applied to environmental risks (Calow, 1998; Solomon and 
Giesy, 2001; Verdonck et al., 2002), or human health risks (Hamey, 2000; Petersen, 
2000; Price et al., 2001), since they offer a much more transparent and realistic 
alternative to single-value risk summaries. 
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Accounting for both variability and uncertainty in SSD and ECD estimation is 
achieved broadly through two different approaches. The first is by assuming an 
underlying parametric distribution of the available dataset of SSs or ECs of a toxicant 
or mixture of toxicants, and then accounting for uncertainty by estimating confidence 
intervals and extrapolation/safety factors using Classical or Bayesian inference 
(Wagner and LOkke, 1991; Aldenberg and Slob, 1993; Aldenberg and Jaworska, 
2000; Aldenberg et al., 2001; Aldenberg and Luttik, 2001; Newman et al., 2001; 
Pennington, 2003). 
The second approach to deal with uncertainty in PHERA is by using simulation non- 
parametric resampling techniques, notably bootstrapping (Jagoe and Newman, 1997; 
Frey and Burmaster, 1999; Newman et al., 2000; Newman et al., 2001; Verdonck et 
al., 2001; Grist et al., 2002). One advantage of this method is its mathematical 
simplicity and ease of implementation, although it is data-hungry and 
computationally-intensive. In addition, it can provide estimates of confidence 
intervals in cases where analytical solutions for the problem do not exist (Frey and 
Burmaster, 1999). Finally, and this is its main asset, this approach does not force any 
a priori distributional assumptions on the data. One of its main limitations, however, 
is its inaccuracy and arbitrariness in the case of smaller datasets (Verdonck et al., 
2001). Indeed, hybrid bootstrap techniques, such as parametric bootstrapping (Frey 
and Burmaster, 1999; Verdonck et al., 2001), bootstrap regression (Grist et al., 2002) 
and Monte Carlo simulations (Thompson et al., 1992; Crane et al., 2003) can be used 
to exploit the benefits of both parametric and resampling techniques. 
2.2. The Evaluation of the Economic Benefits from Reduced Pesticide Usage 
Different approaches have been used to analyse the economic benefits from the 
improvement to the environment and to human health from reduced pesticide usage. 
Some studies totally ignore the contributions of environmental and health 
improvements in the calculation of social benefits, as in Webster et al. (1999). The 
nationwide social gains that they calculate for shifting from one wheat production 
strategy to another with less pesticide inputs would only account for the decreases in 
the costs of government support for the crop. They do not resort to any of the risk 
indices described in section 2.1.2. Falconer and Hodge (2001) propose a farm systems 
approach, combining an economic model for land use and agricultural production 
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with a set of environmental pesticide risk indicators. This enables them to investigate 
trade-offs between reductions in environmental threats to a number of environmental 
dimensions and farm income. The indicators employed, however, focus on hazards 
rather than actual risks or impacts. Falconer and Hodge recognise the arbitrariness of 
their approach, but argue that with the complexity and multidimensionality of 
pesticide impacts, this approach is the only feasible one. Another problem they 
observe is the absence of information on social preferences for environmental 
improvement arising from some form or another of reduced pesticide usage. 
Naturally, this problem needs to be addressed in a WTP valuation framework. 
Hence other studies elicit WTPs for less or no pesticides for this purpose. For 
example, Brethour and Weersink (2001) build on consumer WTP estimates for the 
elimination of each of three pesticide groups belonging, respectively, to low, 
moderate and high risk levels in Canada. Cuyno et al. (2001) estimate five WTPs 
among farmers in the Philippines for the elimination of risks posed by pesticides to 
five environmental and health categories. After that, both studies again rely on risk 
scores similar to the ones described in section 2.1.2, in order to map percentage 
reductions in pesticide use with the corresponding percentage reductions in these risk 
scores. After that, dimensional WTP values (whether for a certain risk level or 
environmental/health category) are multiplied with the percentage reductions in risk 
scores for the respective dimensions ensuing from hypothesized reductions in 
pesticide applications (whether through a scenario of integrated pest management or 
other policy designs). Finally, WTP measures are added across dimensions to derive 
an all-encompassing value for pesticide reduction by simple arithmetic and arbitrarily 
chosen operations. Brethour and Weersink estimate that the external cost associated 
with the changes in pesticide use in Ontario agriculture between 1983 and 1998 is 
US$ 188 per household. As for Cuyno et al., their estimated farmers' WTP to reduce 
pesticide risk to various environmental ranged from 551 to 680 pesos per cropping 
season (40 pesos = $1). 
Rather than value WTP for risk elimination and then multiply these values by 
external calculations of percentage risk reductions, others tried to value the actual 
percentage decreases in hypothesized risks themselves. In this approach, the analyst 
builds on previous research on the estimation of the economic values of mortality risk 
changes in an expected utility maximization framework (Jones-Lee, 1974; Weinstein 
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et al., 1980; Smith and Desvouges, 1987). Risk here is an imagined scenario of 
reduced pesticide health impacts in food, without any inference as to the 
corresponding level of pesticide reduction. The value of these risk reductions is 
derived from the purchase intentions that a sample of the public is asked to state. For 
example, Eom (1994) sets out to value consumers' WTP for safer fresh produce in the 
USA. Safety is accounted for as the reduction in consumer pesticide-related cancer 
cases relative to the status quo. Therefore, the focus is restricted to pesticide health 
impacts, with the main finding that risk/price tradeoffs indicate high price premiums 
for small risk reductions, and little variation in price premium across alternative risk 
reductions. Hence, respondents were willing to pay 86% more for a 50% risk 
reduction, and a similar 84% for just 10% risk reduction. Similarly, Fu et al. (1999) 
estimate the WTP to reduce cancer risks caused by pesticide residues in vegetables in 
Taiwan, with similar findings to Eom (1994). Hence, respondents were willing to pay 
46%, 56% and 75% more for 25%, 50% and 90% cancer risk reductions, respectively. 
Two remarks are noteworthy here. First, to reiterate issues raised earlier in this 
section, is that these risks described in the survey design are not quantitatively linked 
to any pesticide reduction scenarios. Second, these WTP valuation exercises only 
involve one dimension, which is the reduction of health risks, to weigh against price 
of food. The multidimensional character of the problem that also includes negative 
environmental pesticide impacts is therefore discounted. 
A third WTP valuation approach to the problem values consumers' preferences for 
discrete food production technologies that imply pesticide reductions. This approach, 
again, reduces all aspects of people's perceptions about reduced pesticide usage to a 
single dimension which is symbolised with the product type. Govindasamy and Italia 
(1998), for example, investigate consumers' willingness to purchase `integrated pest 
management' (IPM) grown produce in the USA. IPM is a system of pest control that 
mitigates the problem of insect pest resistance to chemical pesticides by employing a 
set of balanced natural and substitutive methods of pest control. This way, IPM helps 
reduce reliance on pesticides. Results indicated that participants with higher annual 
incomes were more likely to express an interest in purchasing IPM produce. Also, 
younger individuals, those who frequently purchase organic produce, those who visit 
farmers' markets and those who live in suburban areas will all be more likely to 
purchase IPM grown produce. Loureiro et al. (2002) estimate the WTP of consumers 
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in the USA for apples that are ecolabelled by a non-profit certifying organisation (The 
Food Alliance - TFA), measured as a premium for these types of apples over an 
initial price of 99 cent. In order to become eligible to market their products with the 
TFA-approved seal, apple growers need to adopt many environmentally-friendly 
production strategies, including the reduction or the elimination of pesticide use. 
Consumers were found to be willing to pay only a small premium (5% of the initial 
price) for these apples. This was explained by the fact that the TFA's claim that its 
apples are friendly to both health and the environment, as embodied in the labels, was 
ambiguous to consumers. Therefore, consumers fail to realise these benefits. 
Similarly, Magnusson and Cranfield (2005) derive WTP estimates, in Canada, for 
food containing ingredients grown under a strategy falling between organic 
production and integrated pest management (IPM). This strategy is referred to as 
`Pesticide Free ProductionTm (PFPTM) and involves, among others, no chemical 
pesticide use and its replacement with agricultural practices that mitigate pest, weed 
and disease infestations. Again, PFPTM farmers need to be approved by a third-party 
certifying body in order to go under its label. Respondents in this survey showed 
strong interest in purchasing PFPTM food products and were therefore willing to pay 
significant premiums for that. In a more sophisticated approach, Roosen et al. (1998) 
consider consumers' WTP for apples produced under two different production 
strategies. In the first, the use of one toxic insecticide (azinphos-methyl) is 
eliminated, while in the second, the use of the whole insecticide class that includes 
azinphos-methyl, and that might be used as a substitute for this latter, is eliminated. 
The analysis showed that the difference between WTP to avoid the group of 
pesticides and WTP to avoid azinphos-methyl increases when consumers are aware of 
substitution possibilities. Hence before acquiring information on substitution 
possibilities, WTPs for the elimination of both Azinphos-methyl and the whole group 
of pesticides were both $0.22 for a 2.5lbs bag, while it increased to $0.34 and $0.45, 
respectively, with the acquired information. Whilst the previous type of study values 
reductions in pesticide risks without implications to the necessary pesticide reductions 
matching these abatements in risks, this type of study performs what in many ways is 
the opposite. It values WTP for food with less or no pesticides, without any effort to 
relate all these reductions to probable health and environmental improvements. Also, 
similar to the previous type of study, the values obtained tend to be one-dimensional, 
making it difficult to discern the multiple motivations for the stated WTPs. 
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Finally, recognising the limitations of the one-dimensional approaches, some 
valuation studies account for the multifarious nature of the pesticide impacts to 
human health and the environment sketched in section 2.1.1. Therefore, these surveys 
employ an attribute-based stated choice method (ABSCM) referred to as `choice 
experiment' (CE). CE will be discussed at length later on in this report, as it will be 
the method adopted for the purpose of the present study. However, it would be useful 
to outline it very briefly. CE is a member of a family of survey-based valuation 
techniques named `choice modelling' (CM), known with simpler one-dimensional 
contingent valuation (CV) techniques as `stated preference' (SP) techniques. The idea 
behind CEs is that respondents are faced with hypothetical situations in which they 
will have to choose between alternative hypothetical options described to them in 
terms of a number of attributes (including, of course, a monetary attribute). This 
makes it possible to analyse the trade-offs made by respondents when presented with 
products or options that offer alternative, new or improved attributes. In addition to 
estimating WTP for new products or welfare estimates resulting from improved 
environmental situations, CM techniques can also estimate partworths for individual 
attributes. For example, Travisi and Nijkamp (2004) employ a CE to estimate the 
values of reducing the multiple impacts on farmland ecosystems and human health of 
pesticide use in food production in Italy. For that, his CE presented respondents with 
alternative monthly shopping baskets for groceries. These baskets are differentiated in 
terms of their respective costs (¬/month), as well as three attributes relating to 
dimensions that would give a fairly comprehensive representation of the 
environmental and human aspects at risk. The attributes are biodiversity (number of 
endangered farmland bird species), human health (number of acute intoxications per 
year, both as a result of work and domestic exposure) and the impact on soil and 
groundwater (proportion of farmland areas contaminated by pesticides). They 
estimate an average household WTP of ¬24/month to avoid the loss of one species of 
farmland bird biodiversity, ¬15/month to avoid the contamination of one percent of 
farmland soil and aquifer, and ¬3/month to prevent one case per year of human ill- 
health. 
Travisi and Nijkamp's work builds on a UK study conducted by Foster and Mourato 
(2000) with the same aims. This study employs a variant of CE, referred to as 
`contingent ranking', where respondents rank alternatives in order of preference 
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rather than choose the most preferred one). The payment vehicle was the price of a 
`green' loaf rather than a monthly shopping basket for groceries, and two attributes 
were considered. The first was human health (cases of illness following field 
exposure during cultivation), and the second is biodiversity (number of farmland 
species in decline caused as a result of pesticide usage in cereal production). Both 
studies elicit significant willingness to pay premiums for food produced in 
environmentally-friendly conditions. 
To the best of our knowledge, the studies by Foster and Mourato (2000) and Mourato 
et al. (2000) are the only CM studies that estimate consumers' WTP for pesticide risk 
reduction in the UK focusing on benefits to both human health and the environment. 
Their estimates show that UK consumers are willing to pay an average of £1.15 for a 
`green' 800g loaf of bread that does no harm to human health and biodiversity, 
measured at zero cases of pesticide-related cases of operational ill health per year and 
zero farmland bird species in decline, respectively. Note that this premium amounts to 
192% of the baseline price of a `conventional' loaf (0.60), resulting in a reservation 
price of £1.75. The authors actually warn that this estimate should be treated with 
caution, as it involves linear extrapolation from environmental and health 
improvement values beyond the range of attribute levels considered in the survey, 
knowing that WTP is likely to increase nonlinearly over this range. Then they 
consider the most environmentally-friendly loaf that was presented in the survey (40 
cases of human ill health and two declining bird species), and the WTP is found to be 
£0.77. The authors note that in this case, the resulting reservation price (£1.37). This 
is more than twice the baseline price of the conventional loaf, but in comparison, is 
within the price ranges they list for organic 800g loaves of bread at that time (January 
2000), though this price is closer to the higher bracket. 
A few interesting facts are noted. First is the fact that the `impacts' valued in both 
Travisi and Nijkamp (2004) and in Foster and Mourato (2000) are actually `risks' 
blamed on pesticides which mitigation is being hypothesized. Hence they are akin to 
cancer risks posed by pesticide residues in food and valued in Eom (1994) and Fu et 
al. (1999). The CE framework allows the accommodation and simultaneous valuation 
of many such impacts/risks simultaneously, as well as the measurement of trade-offs 
between preferences for these latter. 
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This multidimensional approach is therefore subject to the same caveats as the mono- 
dimensional approach. The extent of, and WTP for, pesticide reductions needed to 
match the hypothetical risk reductions cannot be inferred from these studies. All that 
is available are social values for environmental improvements that would take place, 
it is speculated, if pesticide usage is reduced. How much pesticide usage needs to be 
reduced to achieve these improvements remains unknown. In other word, these 
models do not tackle the problem of converting dimensional human health and 
environmental WTPs into WTPs for unit pesticide reduction, and expressed as 
monetary gains from unit weight reductions in pesticide usage per hectare. Needless 
to say, none of these studies looks into differentiating WTP across pesticide 
categories and special uses. A rigorous solution to this limitation of pesticide damage 
valuation (initially pursued but then abandoned in favour of a simpler approach for 
reasons that will be fully explained later) is to go one step further. Dimensional WTP 
estimates would be combined with probabilistic human and environmental risk 
assessment (PHERA), in order to perform the value `transmission' to the pesticide 
product. It is in fact mostly this latter, rather than its impacts, that will be the locus of 
environmental policy measures. This necessitates that precise methods be employed 
to carry out value transmission, rather than the commonplace reliance on simplistic 
representations of risk by indices to manipulate WTP for this purpose, probably 
yielding erroneous welfare estimates. 
Recently, and in view of the proliferation of environmental valuation studies, meta- 
analysis (i. e. `analysis of analyses') approaches have been proposed to summarise 
WTP estimates that are found in the literature. An example in the context of WTP for 
pesticide risk reduction is found in Florax et al. (2005), in which a taxonomy of 
environmental and human health risks is proposed. These risks are broadly classified 
into risks to aquatic ecosystems and terrestrial ecosystems in the case of 
environmental degradation, and farmer safety and consumer safety in the case of 
human health. A multivariate meta-regression framework is employed to explain 
variations in WTP. The dependent variable is therefore a standardised measure of 
WTP. The explanatory variables relate to baseline risk levels, methodological issues 
(whether the valuation technique is CV, RP or SP) and differences in study settings 
(and their implications with regards to risk perceptions). The main findings are that 
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WTP for reduced risk exposure is 15% greater for medium risk levels, and 80% 
greater for high risk levels, compared with low risk levels. 
Next, the foundation of the CE/CM approach to WTP valuation will be exposed. 
Issues covered are survey design, econometric parameter and welfare estimation, the 
effects of information provision and environmental labelling, and the methods to 
account for hypothetical bias and preference heterogeneity. 
2.3. Valuing Environmental Goods using a Stated Preference (SP) Valuation 
Technique: Choice Modelling (CM) 
2.3.1. Non-use valuation: inapplicability of RP approaches and SP methods as an 
appropriate alternative 
Environmental valuation generally deals with non-market or external values which 
are not accounted for in market transactions and the price system. The problem of 
valuing the benefits from pesticide (risk) reduction is perceived more specifically as a 
`non-use' or `passive' value elicitation exercise. In this exercise, the good in question 
is assumed to be a pure public composite good, and the derived utility relates solely to 
preservation values (Mitchell and Carson, 1989, p. 55; Hanley et al., 1997, pp. 42- 
43). This means that its consumption is both non-excludable (available to all) and 
non-rival (one person's consumption does not reduce another person's consumption). 
The good is described in terms of the environmental and human health dimensions 
improved, and the extent of these improvements. Alternatively, the good could be 
described in terms of reductions in the use of different pesticide classes, as this latter 
proved to be a much more accessible approach. 
Whitehead and Thompson (1993), for example, estimate the demand for preservation 
of wetlands from surface coal mining in the USA, using hypothetical wetlands 
preservation funds as the payment vehicle. They find that the WTP for these policies, 
which increases in the presence of environmental motives represented by index 
variables coding for positive attitudes towards the environment, is significant even in 
the absence of on-site use of wetlands areas. Foster et al. (1997) compared actual and 
hypothetical WTP for different types of environmental preservation projects. The 
actual payments were based on summary statistics of responses to the Royal Society 
for the Protection of Birds (RSPB) fund-raising appeals in the UK for projects 
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covering land purchase, species preservation and habitat conservation, all of them 
with a distinctive bird focus. The hypothetical WTP estimates, on the other hand, are 
on UK valuation studies with a more or less similar focus. The object of monetary 
contribution was therefore conceived of as a non-use public good. Finally, Rolfe et al. 
(2000; 2002) set out to estimate the preservation values that are attached by the 
international community to tropical rainforests as an indication of its wish for their 
conservation. These non-use values can be contrasted to the use values that accrue 
from these forests to their corresponding local or national community, often through 
clearing activities with narrow market interests. Therefore, a representative sample of 
the Australian population was asked to contribute once-off donations for hypothetical 
rainforest protection schemes in a Tropical island little known to the sample, as well 
as other Australian and non-Australian locations. Rolfe et al. find that Australians 
attach substantial non-use values to preservation options in foreign countries as 
compared to Australian regions. Another example of non-use valuation studies is 
Blarney et al. (2000), who value the benefits from retaining remnant vegetation in an 
Australian context. Also, Mallawaarachchi et al. (2001) estimate values placed on the 
protection of natural vegetation in areas suitable for sugar cane cultivation by local 
communities in Australia. 
To be sure, the external benefits earned from the actual economic `use' of a less 
polluted environment cannot be dismissed, as is the case with enclosed natural parks 
for which recreationists are charged an entrance fee. Note, however, that even in this 
case, and unlike fully marketed and monetised consumer goods, such natural parks 
would conform to a high extent to the definition of non-rivalry and non-excludability. 
To accommodate all these dimensions, the problem can be generally conceptualised 
as the estimation of demand for environmental preservation that can accommodate all 
these types of value (Whitehead and Thompson, 1993). In the case at hand, the 
demand for a composite public good that was initially described as the abatement of 
environmental and human health damage blamed on pesticide damage in the UK, 
would be estimated. Alternatively, and as will later prove much more convenient, the 
good could be conceived as the demand for pesticide reduction in the UK. In any 
case, the total economic value of such preservation can be expressed as follows 
(Boyle and Bishop, 1985; Pearce and Turner, 1990, p. 129): 
45 
Total Economic Value = Use Value + Option Value + Bequest Value +Existence 
Value (2.1) 
`Use value' is the value assigned to the use of environmental assets through both 
commercial and recreational activities (the second being more relevant to 
environmental valuation). `Option value' reflects the preference to maintain the 
ability to use the resource or asset in the future, when the status of this asset in the 
future is uncertain. `Non-use value' includes two components: `bequest' and 
`existence value' (Krutilla, 1967). Bequest value accounts for the concern for future 
generations' use of the same resource. Finally, existence value is the value placed on 
the resource for its own sake and bears no relation to its use or option of use. The 
mere existence of the resource benefits the individuals. It is self-evident that this type 
of value is the most difficult to define and estimate, as in the case at hand. 
This said, revealed preference (RP) or indirect valuation techniques are inappropriate 
for these types of problem, simply because such techniques can only elicit `use 
values' placed on environmental goods, and no means has been developed to use 
revealed preference methods in treating of non-use values (Boyle, 2003b). This is so 
because in these RP studies, these values are inferred from behaviour in related or 
surrogate real markets, and this is usually done with an assumption of weak 
complementarity between the public goods in question and these markets (Hanley et 
al., 1997, p. 405; Garrod and Willis, 1999, p. 55). This means that when the related 
consumption expenditure is nil, marginal utility of the public good is also zero, thus 
rendering the method unfit for measuring non-use values. Travel cost (TC) models, 
described at length in Ward and Beal (2000), are a notable example of such 
techniques, and have been widely used in the USA and the UK to value non-market 
benefits from outdoor recreation. These methods use the cost of travel as a proxy for 
the price of visits to recreational sites. Hedonic pricing (HP) (Rosen, 1974) is another 
widely used revealed preference method. The most common application of HP to 
environmental valuation is in the context of the public's WTP for housing (Taylor, 
2003), whereby purchase price is considered to be a function of a number of attributes 
of which environmental quality can figure as one. The WTP for, or implicit price of, 
housing attributes can therefore be derived using the appropriate econometric 
estimation tools. 
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In sum, both the hypothetical and the non-use characters of the benefits from the 
abatement of pesticide damage and/or reduced pesticide usage rule out the possibility 
of using revealed preference or indirect valuation methods. This highlights the fact 
that stated preference (SP) approaches are better equipped to capture non-use values , 
especially that these values are rarely reflected in travel costs or property prices 
(Hanemann, 1994; Willis, 2002). Next, these methods will be discussed, starting with 
the simplest; contingent valuation (CV). 
2.3.2. The contingent valuation (CV) method 
The contingent valuation (CV) method is a powerful survey-based technique for 
estimating consumer preferences and monetary values attached to environmental 
changes. For approximately 30 years, CV has been widely used among both 
academics and policymakers (Cummings et al., 1986; Mitchell and Carson, 1989; 
Boxall et al., 1996; Bateman and Willis, 1999a; Hanley et al., 2001), especially in 
cases where RP methods cannot be employed, as discussed in section 2.3.1 above. In 
summary, a carefully designed questionnaire describes a hypothetical market in 
which the (environmental) good or service in question is traded. Using a dichotomous 
or discrete choice (DC) elicitation format, the survey respondents' maximum WTP 
for a hypothetical change in the level of provision of this good is estimated following 
the procedures described at length in Hanemann (1984) and Hanemann and Kanninen 
(1999p. 309). In short, maximum likelihood (ML) methods are employed to estimate 
a suitably specified probit or logit model. WTP measures can be easily derived from 
these models. The econometric tools used for the estimation will be described in more 
details in the discussion of choice modelling methods, of which discrete choice CV 
can be considered to be a special case. 
DC formats have been proposed as an alternative to open-ended (OE) valuation 
formats, which involve either iterative biddings or direct payments. This is because 
the DC format was considered to be a more realistic and incentive-compatible 
approximation of real market scenarios in that the respondents' strategic interest is to 
say yes if his WTP is greater than or equal the asked price, and no if his WTP is lower 
(Mitchell and Carson, 1989, p. 101; Sugden, 1999). In fact, DC formats involve `yes' 
or `no' responses that are much more akin to the take-it-or-leave-it nature of actual 
market transactions than continuous bids, and therefore would be much more familiar 
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to respondents than OE formats. This led the US National Oceanographic and 
Atmospheric Administration's blue ribbon panel to endorse it as the only 
methodologically acceptable elicitation format for contingent valuation (Arrow et al., 
1993). However, DC results were subject to mounting criticisms based on empirical 
studies. It is commonly argued that although they were significantly superior to OE 
values (criticised by Bishop & Heberlein (1979) and Foster et al. (Foster et al., 
1997)), both approaches are unsuitable when changes are multidimensional (Hanley 
et al., 2001). 
2.3.3. Attribute-based choice modelling (CM) techniques 
Alternative `stated preference' (SP) formats were hence developed, jointly called 
`choice modelling' (CM) (Bennett and Blarney, 2001a; Hanley et al., 2001; Bateman 
et al., 2002) or `experimental choice analysis' (Louviere, 1991). The innovation in 
such techniques, made possible by developments in behavioural theory and methods, 
is their ability to model `multinomial' choices, as opposed to binomial choices 
usually tackled by CV. A CM exercise can be summarised as follows: respondents are 
presented with multiple alternatives of a good or service as described by attribute 
levels, and are asked to rank or rate each option or to choose their most preferred 
alternative. Cost/price attributes are included as one of the attributes, and 
subsequently WTP can be indirectly estimated from people's choices based on this 
`payment vehicle'. 
Despite its capability, in common with CV, to elicit environmental preferences, CM's 
use in environmental valuation only started to gain currency during the 1990s. This 
can be judged from the review paper by Hanley et al. (2001), enumerating at least 37 
such CM studies to have been carried out since 1974, out of which 31 took place after 
1990. Before that, they remained the domain of human decision research, marketing 
and transportation research (Boxall et al., 1996; Adamowicz et al., 1999). 
The conceptual framework of CM lies in Lancaster's (1966; 1991) characteristics 
theory of value, and is also shared by RP methods, most notably hedonic pricing. The 
implication of Lancaster's theory of value is that consumer preferences for a given 
good, can be decomposed into utilities attached to the attributes that can be used to 
describe the good. This is based on the assumption that rather than deriving utility 
from consuming the good per se, consumers are driven by the good's generic 
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qualities. For this reason, in designing a CM survey, emphasis is placed on the 
accuracy and exhaustiveness of the attributes used to describe the good or situation. 
In CV methods, emphasis is instead placed on the accuracy and completeness of the 
description of one particular good. In the latter case, any error in the representation of 
the good discovered after the CV survey has been carried out cannot be rectified 
(Boxall et al., 1996; Adamowicz et al., 1998b; Adamowicz and Boxall, 2001). 
The conceptual framework of CM also lies in the random utility model (RUM) 
(Thurstone, 1927; McFadden, 1974; McFadden, 1986), and is also shared by 
dichotomous CV and RP methods. In RUMs, discrete choices are explained in a 
utility maximising framework. It is based on the premise that although an individual 
knows his preferences with certainty, some of the components of these preferences 
cannot be observed by the researcher, and hence have to be dealt with as random. The 
individual's indirect utility function thus has two terms: one deterministic and one 
stochastic. Presented with a set of alternative goods (described respectively by 
different sets of attribute levels), the respondent will choose the alternative with the 
highest indirect utility. Indirect utility functions - of the good's attributes - can then 
be statistically estimated based on observed choices, enabling researchers to forecast 
choice probabilities attached to hypothetical products as described by their attribute 
bundles. Further aspects of RUMs will be clarified as the theoretical model 
underlying choice experiments (CE) will be explained below. 
2.4. Choice Experiments 
2.4.1. Early and current uses 
Choice experiments (CEs) are one of many alternative CM formats. In CEs, 
respondents are asked to `choose' rather than rank their most preferred alternative. 
This approach was initially developed by Louviere and Hensher (1983) and Louviere 
and Woodworth (1983) to model traveller and consumer choices and trade-offs 
respectively. In both studies, the authors build on laboratory simulation approaches 
such as variants of conjoint measurement or trade-off analysis, and functional 
measurement. These `intended-choice' approaches quantify multi-attribute 
judgements, trade-offs or utilities, both individual and collective. However, the aim of 
this type of study being to forecast travel choice probabilities or market shares, it was 
thought more logical for this purpose to derive multi-attribute preference parameters 
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from discrete choices. This would be analogous to actual choice data of the type 
analysed in `revealed choice/preference' studies, rather than judgemental rankings or 
ratings, for which no theory has been formalised. Indeed, for this reason, the validity 
of CE probability estimates is more readily tested externally against those prevailing 
in real market situations than probabilities indirectly inferred from conjoint analyses 
(Green and Srinivasan, 1978). 
The use of CE has gained momentum in environmental and amenity valuation. The 
number of studies employing this method has been steadily rising since the beginning 
of the 1990s, along with other studies using SP methods, numbering at least 18 and 
26 respectively in 2003 (Adamowicz, 2004). Many recent examples of such studies 
can be found in the literature. 
In the estimation of recreation or travel demand, CEs, and CM techniques in general, 
have evolved in the literature along with other discrete choice RUMs, namely RP 
models, as an alternative to the earlier continuous demand analysis (Ben-Akiva and 
Lerman, 1985, pp. 43-44). Here for example, instead of modelling the frequency of 
visits to a recreation site, the discrete choice approach analyses the trade-offs and 
substitution patterns between competing sites, in addition, of course, to the influence 
of site characteristics on site selection (Herriges and Kling, 2003). The observable 
nature of the valued activity permits the analyst to carry out `convergent validity' 
tests (Hanley et al., 2002), whereby SP welfare estimates are compared with others 
derived from RP studies applied in a similar context. Also prediction tests could be 
performed, by comparing the `predictive abilities' of both types of models or of 
hypothetical SP site choice probabilities with actual trips (Haener et a!., 2001). 
Finally, SP and RP models could be combined in the hope to improve the predictive 
ability of the joint model over the respective individual models (Adamowicz et a!., 
1994; Adamowicz et al., 1997; Hubbell et al., 2000). 
Recent recreation CEs include Hanley et al. (2002) and Scarpa and Thiene (2005), 
modelling rock-climbing site selection in Scotland and the Northeastern Alps in Italy 
respectively. Similarly, Morey et al. (2002) model mountain-biking trail selection, to 
predict the costs and benefits to mountains bikers arising from policies changing rail 
characteristics and introducing access fees. Boxall and Adamowicz (2002) employ a 
CE framework to try and understand the recreationists' choice of wilderness parks in 
different parts of Canada. Other types of recreational activities that are commonly 
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valued are hunting activities. Boxall et al. (1996) and Haener et al. (2001) use a CE to 
model the choice of moose hunting sites in Canada in order to value the impacts of 
hypothetical forest management environmental quality on recreational hunting values. 
Bullock et al. (1998) carry out a similar CE to derive the values that deer hunters 
('stalkers') attach to the hunting experience in Scotland. Also valued are fishing 
activities. Provencher and Bishop (2004) predict the choice of angling sites in the 
USA in a study that aims at comparing different model specifications that would 
account for preference heterogeneity. In all these CEs, the probability of choosing a 
recreational site is assumed to be a function of a vector of site-specific characteristics 
or quality indices (some of which are often conditioned on a vector of individual- 
specific characteristics, both socioeconomic and attitudinal). In addition, a payment 
variable that is usually the distance of the destination site in question from home 
would act as a proxy for travel cost, except in Boxall and Adamowicz (2002). They 
choose as payment vehicle the charging of entrance fees to recreationists by park 
managers, a common policy measure to limit entry. 
Also very common is the use of SP techniques for the valuation of environmental 
preservation values of a predominantly non- or passive-use nature, noted earlier in 
section 2.3.1. Many such studies are of attribute-based CEs or other CM variants, of 
which four were already briefly described (Blarney et al., 2000; Rolfe et al., 2000; 
Mallawaarachchi et al., 2001; Rolfe et al., 2002). Other studies include Hanley et al. 
(1998), who estimate the external benefits from potential changes in landscape 
components in forests in the UK as a whole, using as payment vehicle the 
hypothetical increases in income taxes. Adamowicz et al. (1998a) design a CE to 
estimate the public's WTP for a woodland caribou preservation in Canada. For that, 
they present respondents with different scenarios of woodland caribou habitat 
enhancement programmes. The payment vehicle used in this CE is, again, increases 
in provincial income taxes. Finally, Rodriguez and Leon (2004) use a CE to value the 
exclusively altruistic WTP of inhabitants of a city in Spain for policies attempting to 
decrease adverse health effects, from air pollutants emitted by a power plant, to the 
population of residents of a nearby suburb. The alternative policy scenarios are 
presented to respondents as bundles of health and social welfare attributes. The other 
two attributes relate to other strains of altruism that the urban sample could display 
towards the studied area (income supplement to raise the income levels of the 
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affected suburban population, and social policy investing in education and leisure). 
The payment vehicle was defined as an annual contribution to a specific fund 
covering the costs of the proposed health and social policy scenarios. 
Two observations are warranted here. The first is that all these non-use CEs typically 
present choice sets composed of three scenarios: two hypothetical scenarios each 
representing environmental improvement schemes, and one representing the status 
quo (which may be described in the current attribute levels, or simply the option of 
choosing none of the alternative scenarios). This would realistically provide 
respondents with the possibility of not selecting any preservation scheme at all. This 
is a necessary requirement in order for WTP estimates to be welfare-consistent 
(Bateman et al., 2002, p. 251). The second is that payment vehicles typically are 
contributions to environmental funds or income taxes rather than consumer goods, 
again highlighting the non-use nature of the problem. 
More relevant to the object of this study is the use of CE and other attribute-based 
CM approaches to value components relating to food safety affecting food purchasing 
decisions. Clearly, the issue here can be conveniently conceived in terms of use- 
(albeit extra- or non-market) value that relates to purchasing behaviour. In fact it can 
be safely assumed that most concerns over food safety issues, and which translate into 
WTP for food safety, should be wholly captured in price premiums that consumers 
are ready to pay for safer food products or baskets. A common food-safety avenue of 
research is the investigation of consumer preferences governing genetic modification 
(GM) attributes, over which many health concerns have been voiced both by 
scientists and laypeople. Burton et al. (2001), Rigby and Burton (2003) and Rigby 
and Burton (2005) analyse data from a CE that investigates the UK consumer 
attitudes to GM organisms, and their WTP to avoid such products, in food. James and 
Burton (2003) employ a similar CE to elicit the public's WTP to avoid such 
organisms in food in Australia. In all three cases, respondents were presented with 
choice sets containing three alternative descriptions of a food basket. Two alternative 
options are produced under GM technologies, the proportion of GM organisms in the 
food basket, in addition to other food safety attributes. These attributes include health 
risks, level of on-farm chemical use, environmental risk (expressed as the years until 
gene transfer) and the structure of the food system (food miles). In addition, the 
payment vehicle was expressed as the percentage change in the weekly food bill for 
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each of the three options. In a similar vein, Hu et al. (2004) estimate the Canadian 
public's WTP for GM (whether or not food contains GM organisms), environmental 
(whether food is produced using environmentally-friendly methods) and health 
(whether or not food is rich in healthy vitamins) attributes of food. The payment 
attribute was chosen to be the percentage increase in the price of a standard sliced 
loaf of bread. Respondents were therefore presented with the task of choosing among 
three alternatives: the respondents' preferred type of bread (including price) identified 
in a previous step; a bread product with varying levels of the attribute and price 
levels; and the option of not choosing any product. Obviously, the CM approach 
enabled the researcher to measure the trade-offs between GM and other food-safety 
attributes. They estimate that consumers are willing to accept an average `discount' of 
$0.50 (CAD) per loaf for GM ingredients in bread. 
Other food-safety and food-related CEs focus on other issues that are also considered 
to pose hazards to human health as well as the environment. Veeman and Adamowicz 
(2000) consider the issue of the use of recombinant bovine somatotrophin (rBST) in 
milk production. They use a CE variant to measure consumers' perceptions of milk 
described in terms of the following attributes: fat content, freshness and rBST 
treatment. In addition, the price per litre of the alternative milk products is included as 
the payment attribute. In this type of CM experiment, respondents state the respective 
proportions of each option they would purchase, rather than choose their most 
preferred one. Enneking (2004) estimate consumers' WTP for a quality insurance 
scheme recently introduced in the German meat sector, in which products under this 
scheme are marked with a quality and safety (Q&S) label. They design a CE in which 
respondents are presented with 6 alternative brands of 125g packaged liver sausages, 
of which only two would (or would not) have a Q&S label; one premium-priced and 
one medium-priced. The other four brands were selected so as to cover the wide 
range of consumer preferences towards this type of products, including two organic 
brands, a premium brand, and a low-priced store brand acting as a reference category. 
The inclusion of this latter option is akin to the status quo options in other 
environmental problems. The payment attribute was the price of the alternative 
packaged liver sausages. They estimate that on average, consumers are willing to pay 
¬0.34 for a Q&S label on German premium brands, while their WTP for such a label 
on less well-known products is only ¬0.11. 
53 
2.4.2. Relative advantages and disadvantages of the use of CE and other attribute- 
based CM approaches in environmental valuation 
There are many motivations behind the increasingly popular use of CM approaches as 
an alternative to CV surveys in environmental valuation surveys. CEs, and CM in 
general, address many of limitations associated with CV. These advantages mainly 
arise from the fact that some of the important criticisms levelled at the latter can be 
addressed by resorting to the former. This makes the use of CE desirable in complex 
environmental valuation exercises. The advantages and disadvantages of CE, with 
particular attention to CV, have been discussed at length in the literature (Adamowicz 
et al., 1998a; Adamowicz et al., 1998b; Hanley et al., 1998; Bateman and Willis, 
1999b; Rolfe et al., 2000; Bennett and Blarney, 2001b; Hanley et al., 2001). A brief 
overview of the main arguments in the literature is presented below. 
MARGINAL WELFARE ESTIMATION 
A central aspect in the CE/CM literature is the estimation of marginal utility (and 
monetary welfare) contributions of certain design attributes (Hanley et al., 1998; 
Kristräm and Laitila, 2003). This is especially the case when the attributes are usually 
continuous in nature, allowing the calculation of incremental contributions to the 
utility function, and subsequently monetary welfare, by gradual increases in the levels 
of provision of certain desirable environmental attributes. This is not possible with 
CV methods, as they will only permit the measurement of discrete utility and welfare 
changes that would typically result from holistically described environmental policy 
proposals. 
MULTIDIMENSIONALITY 
CE/CM approaches are well suited for situations where the environmental good in 
question is multidimensional, and where the values of its attributes and the trade-offs 
between them, rather than the presence or absence of the good, are of interest to the 
practitioner (Adamowicz et al., 1998a; Rolfe et al., 2000; Bennett and Blarney, 
2001b; Bateman et al., 2002). Estimating the marginal values of changes in the 
individual characteristics of an environmental good (as in the pesticide problem at 
hand) may be much more relevant from a policy perspective. Indeed many policies 
set out to interfere with one or some of the characteristics of the environmental good 
in question rather than the good as a whole (Hanley et al., 1998). This can also have 
implications for benefits transfer, as will be shown in the next paragraph. 
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BENEFITS TRANSFER 
Estimates of attribute parameters can be very useful from a `benefits transfer' point of 
view (Morey et al., 2002; Morrison et al., 2002; Christie et al., 2004). Benefits 
transfer is "an approach that adjusts values from existing studies to imply values in a 
new context" (Christie et al., 2004, p. 31). Of course this can only be performed if 
socioeconomic variables are included in the CE models employed, as they will be 
needed to adjust the welfare contributions of attributes in one area to the conditions 
prevailing in another. Haener et al. (2001) suggest that stated choice CM approaches 
can yield estimates with a predictive ability comparable with RP models in 
recreational site choice models. Therefore, they advocate that practitioners use a few 
carefully designed and implemented CM surveys which would yield estimates of a 
superior quality that can be transferred to the sites in question, rather than proliferate 
site-specific experiments. Moreover, where site-specific RP estimates are available, 
they suggest that combining transferred CM data with these latter generates models of 
recreation site choice with improved prediction ability. 
COGNITIVE BURDEN, HEURISTICS AND PREFERENCE LEARNING 
Optimisation over all alternatives and attributes using compensatory decision rules is 
a common assumption in economic theory and analysis, not the least in the SP 
literature. Research in psychology, economics and marketing has shown that 
depending on context, respondents might use a variety of decision rules that are not 
consistent with (near-)utility maximisation (Swait and Adamowicz, 2001a; Swait and 
Adamowicz, 2001b; Swait et al., 2002). For example, choice complexity and fatigue 
associated with CM techniques might result in the adoption of simpler decision rules 
that might process information by dimensional reduction, or even avoiding making 
choices altogether. These rules are collectively referred to as heuristics (Louviere et 
al., 2000, p. 254). On the other hand, the repeated choice context of CE/CM surveys 
allows for the construction of preference structures, and may contribute to the 
removal of heuristics used by respondents. Alternatively, it allows the modelling of 
the relation between these decision rules and actual preferences and choices, but this 
remains a challenge that has been ignored in the main, except for a few studies such 
as Swait and Adamowicz (2001b). Hence CEs remain generally more cognitively 
burdensome than CV. This said, this area remains the province of active research. In 
addition, the repeated choice, ranking or rating nature of CM techniques may yield 
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important insights into the consistency of individual responses (Foster and Mourato, 
2002). 
INCENTIVE COMPATIBILITY AND HYPOTHETICAL BIAS 
It is a common finding in the literature that WTP estimates from CV surveys over- 
estimate actual WTPs (Neill et al., 1994; Cummings et al., 1995; Cummings et al., 
1997; Murphy et al., 2005), hence questioning its incentive compatibility properties. 
Nevertheless, some researchers have found that CV surveys may actually under- 
estimate WTPs from RP data (Carson et al., 1996). To be sure, the direction and 
extent of hypothetical bias depends on the nature of the valued good, the elicitation 
format, and the informational context in which the survey is conducted (Carson et al., 
2000). Where the incentive compatibility properties of the survey instrument are 
compromised, respondents are likely to respond strategically to the survey question, 
and hence overstate their WTPs. In dichotomous choice CV surveys, this happens by 
simply choosing the only `improved' option, with little regard to the attached extra 
cost, hoping to influence the later provision of the good. The frequent occurrence of 
hypothetical bias in CV surveys has led many researchers to look for alternative 
valuation methods. Hence the increasing popularity of CM methods. It is commonly 
suggested that respondents in a CE/CM setting are less prone to strategic behaviour, 
and this for two main reasons. First, the CE/CM setting de-emphasizes any explicit 
reference to WTP elicitation, by asking respondents to choose, rank or rate a 
sequence of multi-alternative choice tasks, and forcing them to focus on the trade-offs 
between different attributes (Bennett and Blarney, 2001b; Hanley et al., 2001; 
Bateman et al., 2002, p. 272). Second, the CE/CM setting may make it more difficult 
to construct a behavioural pattern that is consistently strategic, since options in such 
formats are made from descriptions of attributes, making it more difficult for to 
identify which options would over-represent or under-represent a certain valuable 
good (Bennett and Blarney, 2001b). Nevertheless, these contentions are still to be 
examined. Some researchers are more sceptical about the incentive compatibility 
properties of CE surveys, and suggest that multinomial choice scenarios might 
provide respondents with an extra degree of freedom to behave strategically. Carson 
et al. (2000) suggest that if respondents condition their choices on their expectation 
regarding the choices of other respondents, then they might be choosing the option 
they think has a reasonable chance of winning, rather than their most preferred one. 
56 
Therefore, whether CE/CM methods effectively address hypothetical bias in CV 
methods is still to be seen. More on hypothetical bias and its mitigation in section 2.6 
below. 
PRECISION 
Research conducted by Adamowicz et al. (1998a) shows that while error variances of 
CE and CV models, as well as their respective monetary attributes, are usually not 
significantly different, error variances of welfare values derived from CE models are 
significantly smaller than those derived from CV models. This precision of CE 
welfare estimates suggests that these measures are much more informative than those 
generated from CV data (Hanley et al., 2001). 
SENSITIVITY TO SCOPE 
Research conducted by Foster and Mourato (2003) shows that CE exhibits more 
sensitivity to scope than CV. For less inclusive goods, CEs yield lower WTPs than 
CV, while for more inclusive goods, CEs yield higher WTP estimates. This suggests 
that adding up CE valuations of a set of policies or goods in order to obtain the value 
of the whole is likely to over-state benefits, while the values of single policies or 
goods would instead be over-stated by CV. Hence CV would be recommended in the 
former case, while CE is recommended in the latter. Moreover, CE automatically 
offers internal scope tests, as the probability of choosing each attribute is an output of 
the multinomial conditional logit model, which is the most commonly used tool for 
the estimation of CEs (Bennett and Blarney, 2001b). 
COST 
An obvious feature of CE/CM surveys is their relative cost advantage relative to CV 
surveys. CE/CM can produce multiple results from a single instrument, because of 
their in-built ability to value a good's attributes and simulate various `what if' 
scenarios (Bennett and Blarney, 2001b; Hanley et al., 2001). Unlike CV, these results 
can be obtained without having to resort to split-samples or further complications to 
survey design. 
2.4.3. Stages of a CE and other CM exercises 
The general stages involved in a CM exercise, from problem characterisation to 
model estimation, have been detailed in Hanley et al. (2001) and Bateman et al. 
(2002), and these stages apply to CEs being choice models themselves (Adamowicz 
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et al., 1998b; Adamowicz et al., 1999; Adamowicz and Boxall, 2001). These various 
descriptions differ in details, but agree in substance, and their synthesis is presented 
below. 
CHARACTERISATION OF THE PROBLEM AND SELECTION OF ATTRIB UTES 
This is the most crucial part of CM studies in general. The problem at hand, once 
identified, needs to be presented to the respondent in terms that s/he understands and 
in order for his/her choices to be meaningful. In the case of non-use environmental 
goods such as pesticide (or impact) reduction, the challenge is to formulate a decision 
problem that is most akin to one with which lay respondents are familiar in real life. 
The outcomes of this stage are four: (i) definition of an appropriate choice set size 
and composition (including whether or not to include a status quo or labelled options, 
or option types that would parallel real life choices e. g. `green', `organic', etc... ), (ii) 
selection of attributes relevant to the good or situation to be valued, including a 
monetary cost to allow WTP estimation, (iii) selection of the relevant socioeconomic, 
attitudinal and behavioural data to be collected in order to help explain preference 
heterogeneity, and (iv) the identification of the relevant sampling frame, which 
depends on the assessment of which geographical area and population segment or 
group are at stake (Adamowicz et al., 1998b). A review of the literature, focus groups 
and expert consultations can be of great help in this regard. 
ASSIGNMENT OF ATTRIBUTE LEVELS 
In this stage, the number and value of attribute levels are defined. These levels need 
to be realistic, to be feasible and to cover the range of the respondents' preference 
maps. Again, a review of the literature, focus groups and expert consultations can be 
instrumental in achieving this task. Pilot studies need to be carried out to make sure 
that the levels are understood and relevant to the respondents. For that, it is useful to 
consider whether to communicate these levels by words or numbers, or by pictures. A 
baseline status quo level is typically included for each attribute. This is especially the 
case as many would not choose improved-situation scenarios in favour of the current 
(and most probably more economical) condition is a realistic assumption. 
EXPERIMENTAL DESIGN AND CHOICE SET CONSTRUCTION 
Once attribute levels have been defined, analysts would typically resort to some form 
of orthogonal design in order to generate combinations of attribute levels referred to 
as `profiles'. These profiles are then combined into a number of choice sets following 
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a `design' that has statistical properties determining the utility specifications that can 
be estimated. `Complete factorial designs' (that is, designs that include all possible 
combinations of attribute levels and choice sets) usually result in an excessively large 
number of scenarios, rendering the survey unfeasible. For this reason, `fractional 
factorial designs', such as `main effects designs' (Green, 1973; Green, 1974; 
Louviere et al., 2000, p. 96; Hensher et al., 2005, p. 116) are usually employed. This 
orthogonal type of design is a subset of the full factorial design that allows the 
researcher to estimate only additive utility functions without interactions between 
attributes, and therefore it assumes these interactions to be insignificant. The number 
of scenario combinations (alternatives) presented is hence reduced to a manageable 
set. After the alternative scenarios have been identified by the experimental design, 
they can be presented to respondents either individually, in pairs or in groups, 
depending on the nature of the problem. The common practice reported in the 
literature is to group these alternatives into sets of 3 alternatives, one of which being 
the status quo profile which is described in terms of status quo attribute levels. Again, 
this is needed to account for the realistic assumption that the current situation might 
be preferred, by many respondents, over hypothetical alternatives representing 
improved-case scenarios. 
QUESTIONNAIRE DEVELOPMENT AND MEASUREMENT OF PREFERENCES 
The actual questionnaire to be filled in is either self-administered (e. g. sent by mail to 
respondents, who will then have to mail it back upon completion) or presented by an 
interviewer. The decision as to which vehicle to adopt for questionnaire 
administration is a function of available resources more than anything else. In 
general, the first vehicle is much more economical, while the second allows better 
control over data collection and insures a better provision of information needed by 
respondents to state meaningful choices. While the core of the questionnaire is the 
choice scenario(s), it would also usually include sections introducing the survey, 
providing background information on the problem, demonstrating how to complete 
the choice tasks, and requesting socioeconomic, attitudinal and behavioural data. As 
to the number of choice sets or scenarios needed to be presented to each respondent, 
there has been little systematic analysis addressing this issue. This number has varied 
from as little as one to thirty-two (very occasionally). This said, one simple way of 
blocking the survey design into manageable subsets of choice scenarios is easily 
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performed by randomising these latter and then subdividing the reordered design into 
subsets of a desirable size. Piloting the survey is necessary in order to make sure that 
it is not too complicated and that questionnaires are being well understood and 
properly answered by respondents. Finally, the choice of a survey procedure to 
measure individual preferences and choices is made among a number of alternatives, 
namely: rating options on an integer preference scale (Mackenzie, 1993), ranking 
alternatives in order of preference (Foster and Mourato, 2000; Mourato et al., 2000), 
or choosing the most preferred case (Adamowicz et al., 1998a); needless to say, the 
last case corresponds to choice experiments. 
MODEL ESTIMATION 
The most common model estimated in the CE/CM literature is the standard 
multinomial conditional logit (CL) (McFadden, 1974). Other choice models can also 
be encountered in the literature. Examples are the multinomial probit (MNP) (Lusk 
and Schroeder, 2004; Magnusson and Cranfield, 2005), or variants of the CL model, 
such as the nested logit (Blarney et al., 2000; Blarney et al., 2002; von Haefen, 2003) 
and the rank-ordered logit (Roe et al., 1996; Foster and Mourato, 2000). In virtually 
all cases, maximum likelihood (ML) estimation procedures are used to estimate 
preference parameters (Ben-Akiva and Lerman, 1985; Louviere et al., 2000; Train, 
2003). A thorough description of the algorithms involved in ML estimation is beyond 
the scope of this study. To summarise, ML utility parameter estimates would 
maximise a probabilistic function (see equation 2.8 below). This is done using 
iterative algorithms that are widely available nowadays in computer packages such as 
Limdep/Nlogit, Stata and Gauss. One such algorithm, the Newton-Raphson technique 
for gradient search, is described in detail in Ben-Akiva and Lerman (1985, pp. 82-87) 
and Louviere et al (2000, pp. 67-70). 
2.5. The Standard Multinomial Conditional Logit Model 
CEs and other CM methods, as described earlier in section 2.3.3 above, combine 
random utility theory and characteristics theory of value. This yields a type of RUM 
from which parameters for the individual contribution of attributes to the total utility 
of the problem at hand can be estimated, if these attributes are explicitly accounted 
for in the survey design. Welfare estimates for the provision of discrete 
environmental or other goods are no longer the only measure that can be derived, as is 
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typically the case with CV methods. In addition, partworths or marginal welfare 
measures for these attributes can also be derived, as these models include monetary 
variables that force respondents to weight the additional utility they obtain from more 
of the environmental good against increasing costs. The most commonly employed 
econometric technique to estimate CEs and other choice models is the standard 
multinomial conditional logit (CL) model. Next, the basic features of this model and 
its consistency with random utility theory and characteristics theory of value will be 
described. Also, the ways to compute marginal welfare measures will be discussed. 
2.5.1. Standard CL specification and estimation 
Attribute-based stated choice models are consistent with random utility theory and are 
conceived as random utility models (RUMs). In a CE context, a respondent n is asked 
to choose his most preferred alternative (or choice option, or attributes bundle) i from 
a given choice set C,,, on occasion t. Utility derived from this alternative (U,,;, ) can be 
decomposed into an observable or deterministic component (V,,;, ), which is typically 
specified as a linear index of attributes (X,,;, ) associated with the alternative, and an 
unobservable or stochastic error component (e,,;, ), which is only unobservable from 
the researcher's point of view: 
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where ,ß is a column vector of preference coefficients to be estimated, and its 
elements describe the way in which utility is derived from each individual attribute. 
Indeed, #3 or some of its elements can be conditioned on individual-specific 
characteristics drawn from a vector of socioeconomic, attitudinal or behavioural 
variables, Z,,. In fact, these variables being constant across choice alternatives, 
accounting for them in the CL model would necessitate that they be interacted with 
certain attributes. Hence in addition to the attribute and payment vector (X,,; 1), ß may 
be extended for this purpose to include parameters for interaction terms. These latter 
are constructed simply by multiplying elements from Z with others from X,,; j. The 
decision about which elements from both vectors to interact is made a priori, and is 
governed by assumptions and expectations held by the researcher or practitioner as to 
which characteristic should influence which preference parameter (Adamowicz and 
Boxall, 2001). For the sake of simplicity, the discussion will be limited to the 
attribute and payment variables (X,,;, ) only. Indeed from an econometric point of view, 
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the inclusion of interaction terms will only add new `alternative-specific' parameters 
to the standard CL model, and by no means will they alter the estimation procedure. 
The utility function in equation 2.2 is known as a `conditional indirect utility 
function', since it is conditional on the choice of the alternative i. Choosing 
alternative i means that the utility derived from it is higher than the utility derived 
from any other alternative, say j. Overall, because utility is stochastic, one can only 
analyse the probability of choosing one alternative over the other: 
Pr{ i chosen by n in choice set C,,, }=p,,;, = Pr{ V,,;, + s,,;, > V, j, + E,, ; Vi, jEC,,, } (2.3) 
This equation can be re-arranged as follows: 
P« = Pr{ s,,,, - c,,; l > 
V,,; 
t - 
v,,;, ; Vi, jE C, } (2.4) 
The specification of the error distributions will yield statistical methods for the 
estimation of the parameters vector 8 of this utility function, so that estimated 
predicted choices and trade-o ffs match as closely as possible the actual choices 
observed in the CE survey. A typical assumption i s that the error terms are 
independently and identically distributed (iid) with a Type I Extreme Value, or 
Gumbel, distributi on: 
F(E) = e-'-' (2.5) 
where F(E) denotes the cumulative density function of error terms attached to 
alternative options. The difference of two iid Gumbel distributed variables being 
logistically distributed, this will lead, after algebraic manipulations, to the below 
expression of the logit choice probability p,,;,: 
eNV-i, ewaxnu 
VJECnr d1ECn, 
(2.6) 
where e is an exponent and u is a scale parameter that is inversely proportional to the 
standard deviation of the error distribution (Ben-Akiva and Lerman, 1985, p. 104; 
Louviere et al., 2000, pp. 142-143; Hensher et al., 2005, pp. 487-488). As u tends to 
infinity, the model becomes deterministic. This term cannot be separately identified 
and therefore is usually assumed to be equal to one. This has no implication to 
partworth estimates, welfare change and marginal rates of substitution, since these 
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essentially involve parameter ratios from which the scale parameter will drop out. 
Only on the magnitude of the parameter estimates will the scale parameter have an 
impact, a fact of no consequence either to respondent behaviour or to welfare 
estimation. Equation 2.6 corresponds to a multinomial conditional logit (CL) model 
(McFadden, 1974). This model assumes that choices are consistent with the 
Independence from Irrelevant Alternatives (IIA) property, or Luce's Choice Axiom 
(Luce, 1959). This axiom states that the relative probabilities that two alternatives are 
chosen is unaffected by the introduction of a third alternative. This property follows 
originally from the fact that Gumbel error terms are iid across the different 
alternatives in the choice set. It can be proven simply by showing that the relative 
probabilities of respondent n choosing options i and k from choice set C,,, can be 
algebraically expressed and simplified as illustrated by Ben-Akiva and Lerman (1985, 
108): 
ev;, E ev, ul Pnk, 
VJEC, 1 VjEC., 
(2.7) 
Thus the introduction of additional alternatives to the choice set C,, will leave the 
probability ratio unchanged, as the denominators of both probability expressions, 
being equal, will cancel each other. 
To estimate this CL model, conventional maximum likelihood procedures may be 
employed. For that, the log-likelihood function to be maximised, assuming a 
parameters vector,, is specified as follows: 
NTNT. 
efx;, log L(Q) =IIIy,,;, " log p,, j, =EZyy,,;, " log ßX (2.8) 11=1 1=1 djccn, 11=1 1=1 djccý, 
ýe 
jccn, 
where N is the number of respondents, T the number of choice occasions or sets 
presented to each respondent, and yj' an indicator variable which assumes the value 
of 1 if individual n chooses alternative j on occasion t, and 0 otherwise. It is worth 
noting that the sample size in the standard CL analysis is the total number of 
observations or choice occasions, equal to ET rather than the number of 
respondents N. In fact the standard CL analysis assumes that the choices made by the 
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same respondent, like those made by different respondents, are independent draws 
from the distribution. 
2.5.2. Partworth and welfare Estimates 
Once the parameter vector has been estimated, WTP or compensating variation 
welfare measures can be derived for a given individual n using the below formula 
(Hanemann, 1982; Parsons and Kealy, 1992; McConnell, 1995): 
WTP _-1 
(In 
I ev, ' - In e`i _-1 In 
j: efixi, -In jeR 
" (2.9) 
/'Payment ViEC `dieC 
flPa. 
ment vice Vicc 
where )6y(, y,,, er is the marginal utility of 
income and the coefficient of the monetary 
attribute. The V, ° or ßK, ° arguments represent the individual utilities associated with 
the different alternatives available in the initial state. The V; ' or ß'X, arguments, on 
the other hand, represent those associated with the different alternatives available to 
the individual in the hypothetical new state, e. g. one resulting from the introduction of 
a new environmental management policy. C is the choice set of the individual made 
up of these different alternatives. The application of equation 2.9 is best exemplified 
by problems of recreational site choice, whereby different sites correspond to the 
different alternatives available in choice set C (Adamowicz et al., 1994; Adamowicz 
et al., 1997; Haener et al., 2001). The expressions In evi' and 1n evi° refer to the 
expected values of the maximum utilities jointly derived by the individual by using 
the alternative recreational sites available to him before and after the proposed policy 
changes, respectively. Changes in expected utilities can result either from changes in 
site attributes, or from the withdrawal or addition of new alternatives to C (as in the 
case of recreational site closure which is expected to result in welfare loss). 
When the choice set C includes only one choice situation i that is affected by the 
introduction of the policy change, equation 2.9 collapses into: 
WTP 
1 (Ineflý'i' 
- In e'6o 
)= 
-1 
ox ;- ß'X °ý (2.10) 
Equation 2.10 is relevant in cases where the public - non-use - benefits of the 
environmental goods investigated are non-excludable (such as the abatement of the 
non-point source pollution caused by pesticide usage; the problem at hand). This 
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implies that the increase in the provision of these environmental goods, once effected, 
will necessarily benefit all the individual or household members of the community 
studied (Mallawaarachchi et al., 2001). 
To calculate the marginal value, or partworth, of one attribute (which in effect is the 
marginal rate of substitution between income and the attribute in question), it is easy 
to show that the above equation can be simplified into the following: 
f Attribute 
WTP=-/ý 
F'Pavnment 
(2.11) 
where ßAnfib, re is the coefficient of any of the non-monetary attributes. These WTP 
estimates, being ratios of estimated parameters, are therefore essentially non-linear 
functions of normally distributed variables for which no closed-form distribution can 
be computed. Approximating this WTP distribution and confidence intervals will 
therefore necessitate the use of bootstrapping simulation techniques inspired by those 
employed by Krinsky and Robb (Krinsky and Robb, 1986). More on these 
bootstrapping techniques is provided in section 6.4.1 below. 
Hence choice experiments are consistent with utility and demand theory, at least 
when a status quo option is included (Hanley et al., 2001). Should such a baseline 
option be omitted from the survey design, respondents whose preferred option is the 
current situation will practically be forced to make a choice that they may not desire, 
rendering the derived welfare estimates inaccurate. Three issues arise here and are of 
interest to this study. The first is the impact of information disclosure, and the 
packaging of attributes as environmental, green or eco-labels on WTP estimates 
(Blarney et al., 2001). The second is the problem generally referred to as 
`hypothetical bias', which is well established in the literature on SP techniques 
(Murphy et al., 2005). Bias is induced by the hypothetical nature of the SP surveys; 
faced with imaginary products, some respondents are likely to `mis-report' their true 
preferences, resulting in misleading WTP estimates. The third issue is `preference 
heterogeneity' over the population (Train, 1998). Heterogeneity in preferences is a 
function of socioeconomic and attitudinal variables that vary across respondents and 
influence their tastes and their willingness to pay. 
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2.6. Environmental Labelling, Information Disclosure and Stated Preference 
Surveys 
Given their suitability for non-use valuation, and given that they value hypothetical 
goods with which respondents are little familiar, stated preference survey instruments 
are sensitive to the amount and quality of the information describing the good in 
question and its attributes. Many valuation exercises use the prices of consumer 
goods as payment vehicle. In order to derive WTP for environmental goods, they use 
one or more environmental attributes as descriptors of this consumer good. These 
environmental attributes often are in the form of eco-, green or environmental labels. 
These labels manipulate information in particular ways which have been investigated 
extensively in the literature. 
Below is a brief review of the impacts of environmental labelling and information 
provision on survey respondent's, or consumer's, behaviour and WTP. 
2.6.1. Environmental labelling 
A wealth of studies has investigated the effects of environmental, green or eco-labels, 
on consumer behaviour. Eco-labels differentiate products with respect to 
characteristics of the product's production, unlike nutrition labels and quality seals 
that do so based on the product's own characteristics. Traditionally, the stated 
preference literature would treat environmental information as something that must be 
controlled within a survey instrument so as not to bias resulting value estimates. Eco- 
labeling makes information disclosure itself a policy variable which may be used to 
achieve certain social objectives, and thus turns the problem on its head (Teisl et al., 
2002). Indeed eco-labelling reduces the search cost for environmental information, by 
emphasizing its importance. 
The oldest study on environmental labels is found in Henion (1972), who investigates 
the possibility that consumers would alter their detergent brand preferences when 
exposed to information on phosphate content. He designs an experiment where brand 
name and information on phosphate content was made clearly visible in test stores, 
products were re-arranged according to market share in control stores. Results 
showed gains in market share for products with very lower phosphate content, and 
losses in market share for classes with higher phosphate content. Hence shoppers 
responded positively to ecologically relevant labeling information presented without 
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the stimulus of promotion. However, it is worth noting that this study did not involve 
changes in prices. 
Blend and van Ravensway (1999) conduct a household survey to examine intentions 
to purchase ecolabelled apples under different ecolabelling and market, including 
own-price, conditions. I their CV-type survey instrument, four ecolabels were 
generated from the interaction between comprehensiveness of the environmental 
claim and the amount of proof from certification. The analysis established a 
substantial demand for ecolabelled apples, and over half of respondents were willing 
to try ecolabelled apples for the first time. Though, expectedly, purchase probability 
decreases with price, 40% of respondents would still buy ecolabelled apples at a 
premium of $0.40. 
Using a hedonic price function approach and catalogue prices, Nimon and Beghin 
(1999) estimated the price premium for 'organic-cotton', 'environmentally friendly 
dyes' and 'no-dyes' appellations of apparel products. Also, they investigated the 
existence of a health component in addition to the above non-use valuation of 
environmental characteristics. They find a significant premium (33.8%) for `organic- 
cotton' labels for a range of apparel products, but little evidence of a premium for 
`environmentally friendly' or `no-dyes' products. In an effort to disentangle 
environmental premiums for organic cotton from health premiums, the authors look 
into premiums paid on organic cotton clothes for children, but find no additional 
premiums. Hence the health motive, if any, is not revealed in the pricing of baby- 
organic clothes. 
Using aggregate time series market data and an `almost ideal demand system' 
(AIDS), Teisl et al. (1999) look into how ecomarketing and seals of approval affect 
consumer choice of electricity suppliers. Mock brochures of three different electricity 
products were designed. These were: (A) low price, (B) use of renewable energy 
sources, and (C) very low toxic emissions. Respondents had to state which products 
they were most and least likely to purchase. In addition, two key elements of product 
information were manipulated: the content of marketing points and whether the 
product displayed an ecoseal. In general, ecoseals were found to be more likely to 
affect the rankings than the choices of products. The effect of ecoseal was found to 
vary significantly across individuals. The ecoseal did not significantly affect products 
marketed as using high levels of renewable resources (B), whereas it affected the 
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rankings of low emissions (C) and low-price (A) products. This was probably because 
consumers viewed the ecoseal as adding nothing to the marketing information in B, 
unlike in A and C products. Whereas respondents with low education and no 
environmental predilection increased the ranking and choice of the low-price products 
with ecoseals, respondents with low education and greater environmental sensibilities 
view it with suspicion, as a manipulation attempt, and downgraded the product. The 
authors suggest that this is because the claim is counter to their prior expectations. 
Alternatively, some respondents think an ecoseal implies higher price. Indeed the 
provision of price information would have probably altered the results. 
In the same context of electricity supply, Roe et al. (2001) seek to understand the 
elements that shape the demand for different types of electricity services; green 
among others. For that, they design a survey to elicit consumer WTP for changes in 
environmental characteristics of residential electricity services, using price and 
environmental disclosure statements similar to those used by the industry. Results 
estimate a WTP for the median consumer of $161/year for a service that decreases 
emissions by 50%. However, Roe et al. find that the WTP estimates overstate actual 
WTPs, estimated at $60.86 per year for services with green certification. Though this 
partly implies that consumers value marginal reductions in emissions, this large 
premium is likely to be a reflection, to a large extent, of a 'name brand' status. Hence 
the value of branding in a more traditional sense, and the associated trust built via 
advertising, surface as explanatory factors in the premiums charged. 
In an approach similar to Teisl et al. (1999), Teisl et al. (2002) aim to measure the 
policy effectiveness of dolphin-safe labelling of canned tuna by estimating an almost 
ideal demand system (AIDS) for the canned protein market, by using retail-level data 
and testing whether the dolphin-safe labels altered consumer purchases of canned 
tuna. Results indicate that the dolphin-safe labels significantly increased tuna market 
share and that this increase in market share increased over a period of several months, 
whereby the post-label tuna market share is roughly 1% higher than the estimated 
market share in absence of the label. 
In order to investigate the claim in the literature that consumers are willing to pay a 
little extra - 5% to 10% - for green products, Blarney et al. (2001) focus on demand 
for toilet paper: 'standard bleached' vs. 'recycled and unbleached'. They obtain 
revealed preference data through scanner and promotion data and compare them with 
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results from a stated preference CE. Experimental design attributes: price, special on 
price, number of rolls in the pack, ply and sheets, colour/patterns on paper, and type 
of paper. Implicit prices of unbleached and recycled products turn out to be 
significant and substantial, at $0.66. This WTP is almost five times for respondents 
with Green attitudes as compared to respondents with no such attitudes. In addition, 
the authors found that actual market shares were fairly well approximated by choice 
probabilities estimated by the CE. 
In a similar vein, a study of the effect of the Scandinavian eco-label (Nordic Swan) on 
Danish consumers' choices among different brands of toilet paper, paper towels and 
detergents, a panel of weekly purchase data of Danish households was analysed. The 
attributes considered included the presence or absence of the Nordic Swan label, 
price, and a set of other attributes, in addition to brand ASC's. Eco-labelling had a 
significant effect on consumers' choices of toilet paper. Marginal WTP of Swan- 
labelled toilet paper turned out to be 13-18% of the normal price of toilet paper. On 
the other hand, Swan-labelling did not have significant effects on choices of paper 
towels; indeed Danish consumers more commonly purchase dishcloths. Marginal 
WTP for Swan-labelled detergents might be in the same range as toilet papers, though 
results were more mixed. The authors interpret Danish consumers' willingness to act 
on environmental labels, even when they wouldn't reap any personal benefits from it, 
as being motivated by altruistic considerations. Also, they conclude that in Denmark 
at least, many conditions are conducive to this positive attitude, of which they list 
confidence in government certifying bodies, media attention to environmental issues, 
and the acceptance of policies pursuing ambitious environmental goals. 
Moon et al. (2002) investigate consumer WTP for agricultural commodities produced 
with technology not harmful to the environment in Germany. The majority of 
respondents were found to be willing to pay a premium for environmentally benign 
and eco-labelled techniques, which provides incentive for farmers to consider 
converting to environmentally friendly practices. This confirms the hypothesis that 
eco-labelling programs for agricultural commodities serve as a vehicle for revealing 
consumer preferences, and could very well replace government regulation. 
Loureiro and Lotade (2005) study consumer response to three types of labeling in 
coffee: fair trade, shade-grown and organic. Using a CV study, they show that 
consumers are willing to pay higher premiums for fair trade labels than shade-grown 
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or organic coffee. The estimated premiums were 21.64 cents/lb, 20.02 cents/lb and 
16.25 cents/lb, respectively, over the regular price which is presented as $6.5/lb. The 
authors interpret these results by arguing that the ethical and environmentally sound 
messages that the fair trade and shade grown labels endorse may be more powerful 
marketing strategies than the message associated with the organic coffee. Hence they 
find that consumers are willing to pay more for eco-labels than for organic products. 
The reason, they speculate, might be that consumers perceive the health benefits 
associated with organic coffee consumption as much lower than those derived from 
the consumption of organic fruits and vegetables. 
Finally, Aguilar and Vlosky (2007) use a stated preference approach to understand 
WTP premiums for environmentally friendly products, with particular reference to 
wood products in the USA. They design a survey to collect preferences for four 
different products, and extend it to two cross-sections dating to 1995 and 2005, 
respectively, to detect any changes in WTP. They estimate consumers' stated WTP 
for a variety of environmentally certified wood products. Results showed that for 
these types of certified wood products, consumers are willing to pay at least a 10% 
premium. The results of this study provide support that there are potential price 
differentials for certified tropical wood products. 
In sum, these studies collectively establish that environmental labels have a discrete 
and significant impact on consumers' and SP survey respondents' behaviour alike. 
Hence it is an efficient marketing strategy to capture consumers' attention to the 
environmental qualities of various consumer products. Indeed in many cases, such 
labels reflect a `name brand status' rather than genuine marginal valuations based on 
processed information. Therefore, this poses a challenge to the SP practitioner, 
especially where the method employed is a choice model to derive marginal WTPs. 
Care needs to be taken to identify, and isolate if need be, any such unintended effects 
that may be contaminate the marginal valuations of interest. 
2.6.2. Information provision 
The effects of information provision on stated preference responses is an area that has 
been extensively investigated in the literature, especially in the context of CVM. 
Samples et al. (1986) explore the link between information disclosure and reported 
WTP for the preservation of endangered species. Indeed with endangered species, the 
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non-use component of total value is large, and hence the effects of information may 
be acute. This is because respondents are not familiar with the valued resource. 
Respondents were asked to report their preservation bids for three different 
endangered species. The information on characteristics and endangered status was 
varied, and the allocation to different species re-inspected by means of one-way 
analysis of variance (ANOVA). With information on neither the physical 
characteristics nor the endangered status of species, respondents stated similar WTPs 
for the three species. With information on the physical characteristics only, 
preservation bids became significantly different from each other, with highest WTP 
for the salvation of monkeys as opposed to rats and rabbits, exhibiting a clear 
anthropomorphic motive. Finally, with information on both the physical 
characteristics and the endangered status, respondents allocated the highest WTP for 
species that were endangered but salvable, as opposed to either ubiquitous or 
extremely rare animals. Hence this leads the authors to reject the hypothesis that the 
amount of information provided on the physical characteristics and endangered status 
of the species does not impact WTP for its preservation. Nevertheless, this leaves 
open the question of how much information should be provided to respondents. 
Boyle (1989) carries out a CV study of brown trout fishing to test the hypothesis that 
if two alternative descriptions of the good are accurate and true, the resulting WTP 
estimates would be equal. The sample was split into three groups, the difference in 
treatments being the level of information provision. All groups received the same 
basic description of the valued resource. In addition, the second group received 
additional information on brown trout stocking efforts and the composition of trout 
catches in the studied area, and the third groups received additional information on 
the costs of these stocking efforts. Hence additional descriptions presented to the 
second and third groups contributed to the specificity of the good's description. 
Results showed that changing the description specificity did not significantly change 
mean WTPs. However, changing the description specificity did significantly change 
the precision of WTP estimates. It is worth noting that at first sight, these results seem 
to contradict Samples et al. (1986), but in fact both studies clearly indicate that the 
level of provision of information will impact the value estimates, whether at the level 
of the mean or standard error, or both. In addition, a big difference between the two 
studies is that Boyle deals with use values with which respondents are familiar, while 
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Samples et al. deal with existence values, with which respondents are expected to be 
less familiar. 
Bergstrom et al. (1990) focus on the effect of service information on WTP for 
wetlands preservation, whereby service information describes the possible uses of a 
commodity. Service information presents respondents with information that describes 
consumption services associated with recreational trips to the wetlands area. 
Respondents were presented with either one of two versions of the questionnaire, 
depending on whether additional service information was provided. Hence service 
information was meant only to change perception of consumption services of the 
valued resource commodity, and not its characteristics. Results indicated that 
additional service information significantly increases WTP. Bergstrom et al. contend 
that service information increases the completeness and accuracy of contingent 
values, hence inducing a desirable information effect, rather than information bias. 
Blomquist and Whitehead (1998) investigate the effect of resource quality 
information on WTP in the context of a theoretical validity test. Data are for different 
types of wetlands which may be surface-mined for coal. Results indicated that 
resource quality information is a key determinant of WTP. Information on wetland 
characteristics and services differentiates WTP for wetlands preservation by quality 
for survey respondents with incomplete information. Hence differences between 
perceived resource quality and true quality can be influenced as respondents learn 
from information provided in the hypothetical market, and this in a theoretically valid 
way. 
These studies clearly indicate that specific information about the valued resource is 
needed in order to elicit credible responses to hypothetical questions. Ajzen et al. 
(1996) look into the potential for information bias in CV, which tends to influence 
WTP judgements. They set out to test the following hypotheses: (1) that stronger 
arguments increase WTP, and produce more positive attitudes, (2) that the effect of 
the arguments is greater when respondents are motivated by personal relevance to 
process information, and (3) that under low personal relevance, respondents will be 
motivated by implicit motivational orientations that are unrelated to the contents of 
the description. In the case of a public good, altruistic motivations increase WTP and 
generate positive attitudes. A CV experiment was conducted that valued a public 
good (the construction of a campus theatre). A multivariate analysis of variance 
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(MANOVA) of WTP was carried out to test the effects of the following factors: 
argument quality (strong vs. weak), product relevance (high vs. low) and, 
motivational orientation (altruistic vs. individualistic). The results indicated that a 
strong argument more than doubled WTP. When interaction with personal relevance 
was examined, it appeared that argument strength had an effect only when the 
commodity was personally relevant. Finally, when the good's description was 
manipulated so as to prime an altruistic motivation, as opposed to an individualistic 
one, this manipulation only had a significant effect when the personal relevance was 
low, hence encouraging respondents to rely on superficial cues in the description. 
Hence when the good was personally relevant, respondents focused on argument 
quality and were relatively unaffected by priming with an altruistic or individualistic 
motivation. However, when not motivated to process the information, respondents 
relied less on information quality and instead were significantly influenced by the 
priming with motivational orientation. Ajzen et al. conclude that information bias is 
most likely to occur when respondents lack prior knowledge of the good. Therefore 
they recommend that extreme care be exercised when designing the information 
component of the survey, in a way not to induce information bias. 
Whitehead et al. (1995) explore the effect of acquired information on the reliability 
and validity of contingent values. For that, they differentiate between types of 
respondents: (a) on-site, (b) off-site and (c) non-users, rather than between types of 
value (use vs. non-use). They test the hypothesis that the better the information 
acquired through either personal experience or through the survey instrument, the 
higher the reliability and validity of the contingent value estimates. Using a CV study 
of water quality and wildlife habitats in an estuarine system, they find that the 
information acquired by respondents before that provided in the survey is a key 
determinant of validity and reliability of contingent values. In general, validity and 
reliability increase with increasing familiarity with the resource being valued. This 
implies that where respondents are suspected to be unfamiliar with the valued 
resource, greater effort needs to be spent on informing respondents about the 
characteristics of the good, such as its qualities and the availability of substitutes. 
Cameron and Englin (1997) develop a framework to assess the impact of experience 
on both expected WTP and its variance. They apply this framework to WTP for 
doubling abundance of trouts in north-eastern USA. Experience is interpreted as the 
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number of years in which the respondent has used the resource, and is treated as being 
strictly endogenous, in contrast to Whitehead et al., who treat it as exogenous, thus 
confounding experience from on-site and off-site uses. Results showed that WTP 
significantly increases with any amount of experience, while WTP variance decreases 
with experience. 
The impact of new information on prior beliefs and WTP has also been the subject of 
study in the literature. Hoehn and Randall (2002) look into the role of prior and new 
information in the valuation of natural resource injury caused by mining in a basin in 
Northeastern America. The survey provided respondents with increasing levels of 
information that described the different dimensions of the injury. Their analysis 
shows that site descriptors associated with the history, extent and toxicity had large 
positive valuation increments, while a treatment that mentions the lack of human 
health effects has a negative incremental valuation. Information effects across 
respondents differ to the extent that their prior knowledge is different. If information 
is redundant, Hoehn and Randall found that it has no effects on perceptions and 
values. 
From this review of the literature on the impact of information provision on 
contingent values, it would be generally recommended that the information 
component of the choice exercise consist of a neutral and fair description of the good 
to be valued. Moreover, this component might benefit from including statements on 
why some people desire the changes and others would not. In general, the lesson from 
the literature is that the CV scenario needs to present respondents with information 
that clearly explain the policy or resource being valued in terms that are relevant to 
them (Boyle, 2003a). 
2.7. Hypothetical Bias, Mis-Reporting and Inflated WTP Estimates 
Estimating the non-use values of reduced pesticide risks and usage needs to account 
for the possibility of hypothetical bias and preference mis-reporting in SP surveys. 
This is mainly due to the lack of familiarity that consumers have with such product 
attributes. Having not formed market habits of buying food that is produced with `x% 
less pesticides', many respondents are likely to make choices that do not fully reflect 
their `true' preferences and `actual' behaviour. This in turn would bias parameter and 
WTP estimates without falsifying them altogether. This problem is likely to be 
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amplified by shortcomings in survey design that would compromise the incentive- 
compatibility properties of the choice scenario. This has long been recognised in the 
SP literature, and a variety of techniques were developed to tackle it. Next, the 
theoretical and empirical examinations of hypothetical bias in SP surveys will be 
reviewed, and methods to mitigate this bias will be sketched. 
2.7.1. Sources of bias and mis-reporting in SP surveys 
Contingent valuation (CV) and stated preference (SP) techniques are well-established 
techniques for eliciting non-use and existence values, as it is often the case when 
valuing environmental goods (Hanemann, 1994; McFadden, 1994; Adamowicz, 
2004). However, welfare estimates derived using these techniques have been the 
object of much criticism. The truthfulness of such estimates is hotly debated in the 
literature. Diamond and Hausman (1994) argue that CV is a deeply flawed 
methodology for measuring non-use values. They would argue that responses from 
such surveys would be determined by `warm glow' resulting from expressing support 
for a good cause, rather than from true preferences. They generally contend that CV is 
a deeply flawed methodology especially when it comes to estimating non-use values, 
simply because they are sceptical about the notion that respondents actually have 
preferences for such non-use goods. Kahneman and Knetsch (1992) question the 
validity of CV generated WTPs on the grounds that the motivation behind 
respondents' stated values is the `purchase of moral satisfaction' rather than a 
measure of the economic value of the public good. Respondents often derive moral 
satisfaction from contributing money sums to improve a public good. Trying to 
resolve this problem by adopting a WTP rather than willingness-to-accept 
compensation (WTAC) framework does not seem to eliminate the problem of moral 
concerns interfering with economic value. They add that this situation is further 
exacerbated in cases where the private purchase of the good being valued is not 
conceivable, as it is the case with most non-use public goods. On the other hand, 
researchers such as Hanemann (1994) and Mitchell and Carson (1989) have, in the 
main, favourable views on the ability of at least some types of CV elicitation formats 
to generate welfare-consistent and incentive compatible welfare estimates. From a 
theoretical perspective, many researchers have argued that to the extent that the 
contingent scenario is credible, dichotomous-choice formats would encourage 
75 
respondents to adopt truth-telling as their dominant strategy (Hoehn and Randall, 
1987; Carson et al., 2000) 
One of the first seminal studies to address hypothetical bias was Bishop and 
Heberlein (1979). A valuation study on early season goose hunting permits was 
carried out, in which the respondents' sample was split into three groups. The first 
group received variable cash offers for their permits; the second received 
dichotomous choice CV mail questionnaires to elicit WTP and WTAC values for the 
permits, and the third received questionnaires designed to estimate a TC demand 
curve for goose hunting permits. The results show that the WTP values from the CV 
questionnaires in the second group under-estimated values from the responses to the 
actual cash offers in the first, while the CV WTAC answers over-estimated the actual 
values. `Gamesmanship' was proposed as an explanation for these discrepancies. On 
the one hand, respondents who perceive that they will have to pay will tend to under- 
state their WTP compared to what they would pay in real market situations. On the 
other hand, others who perceive that they will not have to pay will state values that 
are more in line with what they would like to see than what they would actually pay 
in the marketplace. 
Many studies, however, have found that hypothetical CV surveys significantly over- 
estimate WTP when compared to actual payment, whether they adopt the open-ended 
elicitation format (Neill et al., 1994), the dichotomous-choice format (Cummings et 
al., 1995) or the referendum format (Cummings et al., 1997). However, note that the 
first two studies relate to private market goods. Indeed Carson et al. (2000) suggest 
that there is a significant difference between marketable private and public or quasi- 
public goods regarding the incentives for truthful preference revelation. When a good 
is provided privately, the incentives for truthful preference revelation differ from the 
incentives associated with public goods in both an actual and a hypothetical context. 
For example, in a hypothetical setting, individuals may state what they believe is the 
market price or the fair price. Hence, private market goods should not be used in 
order to validate CVM. 
Foster et al. (1997), described in section 2.3.1 above, carry out a non-experimental 
comparison between real and hypothetical payments for environmental preservation. 
Unsurprisingly, they find that on average, the hypothetical WTP exceeds the real 
WTP. They would argue that the non-use character of this type of public goods 
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understandably results in a `free-riding' problem that usually plagues real donations 
for environmental protection. What the hypothetical context of OE-CV surveys seems 
to do is to reduce the extent of this free-riding, rather than create incentives for over- 
bidding. Blumenschein et al. (1998) confirm previous findings and suggest the 
presence of hypothetical bias in dichotomous choice CV surveys. They ask one group 
of subjects whether they would hypothetically purchase a pair of sunglasses at a 
specified price, while another group is given the opportunity to actually purchase the 
sunglasses. The proportion of subjects who respond with a hypothetical `yes' is 
significantly larger than those who actually purchase the sunglasses. Leggett et al. 
(2003), who conduct an on-site CV survey to estimate the WTP for a visit to a 
monument, find that in-person responses tend to over-estimate self-administered 
ones. They explain these discrepancies by the fact that when interviewed in-person, 
respondents are intimidated by the presence of the interviewer, and would therefore 
answer what they think would please him. Leggett et al. would term this behaviour 
`social desirability' bias. It is also likely that social desirability need not be imposed 
by physical presence, but could well be exerted on respondents by the impersonal 
weight of social expectations. Finally, Murphy et al. (2005) conduct a meta-analysis 
of hypothetical bias in SP valuation surveys. For this, they select studies which 
include both hypothetical and actual values. They find that a discrete choice format 
(as opposed to open-ended) reduces bias. More importantly, they find some evidence 
supporting the fact that bias increases when non-use public goods are being valued. 
The use of dichotomous choice CV formats (DC-CV), and discrete choice methods in 
general, has been recommended over OE-CV formats by Arrow et al. (1993). This 
has answered to the widely held conviction that hypothetical bias is more endemic to 
the latter than the former. Despite all that, the matter is far from being resolved. In 
addition, some other sources of bias that have little to do with choice format have 
been proposed to explain the sources of hypothetical bias. Social desirability, 
explained in the previous paragraph, is one (Leggett et al., 2003). Blarney et al. 
(1999) point out to `yea-saying' (and `nea-saying') as another contributor to 
hypothetical bias. Known among psychologists and sociologists as response 
acquiescence, the authors define it in a CV survey context as "the tendency to 
subordinate outcome-based or "true" economic preferences in favour of expressive 
motivations when responding to [CV] questions". Such expressive motivations are 
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either social, as in the social desirability just described, or internal, where respondents 
are seeking to express pure attitudes or held values. Ajzen et al. (1996) suggest 
`information bias' as a third potential source of bias. Information bias is likely to 
occur when respondents have no prior knowledge about the good in question, as is the 
case with many non-use public goods. In this case, stressing personal relevance, 
priming altruistic motivations or employing a strong description of the good might 
very well inflate WTP estimates. Finally, Loomis et al. (1994) test the belief held by 
Arrow et al. (1993) that reminders of substitutes and budget constraints are likely to 
scale down WTP estimates. For that, they conduct two DC-CV surveys valuing the 
WTP to reduce fire in old-forest growths in the USA. These two surveys only differ 
in terms of the presence or not of a budget constraint and substitutes reminder. 
Loomis et al. find that the WTP estimate derived from the survey with no reminders 
was not statistically different from the survey including such reminders. In 
explanation, the authors suggest that the hypothetical context, and the respondents 
being not so used to think in dollar terms to improve non-use public goods, renders 
any dollar value as good as any other. Therefore introducing budget and substitute 
reminders is not likely to solve any upward hypothetical bias in the WTP estimates. 
Some studies suggest, contrary to the above, that hypothetical CV surveys in general 
actually slightly under-state revealed preference values. Carson et al. (1996) conduct 
a meta-analysis to compare CV and RP stated values for different quasi-public goods. 
They find that the mean CV/RP WTP ratio is 0.89. However, this study does not 
explain how these ratios differ with various elicitation formats, as in Murphy et al. In 
defence of CV methods, Carson et al. (2000) and Carson et al. (1999) claim that 
dichotomous choice methods can be incentive-compatible with non-use goods, 
especially when coercive payment structures are adopted. With no coercive payment, 
credibility of the contingent payment scenario, and hence its incentive compatibility 
properties, will be eroded, as the contingent scenario would not be viewed by 
respondents as consequential anymore. 
Very few studies in the literature look into the presence of hypothetical bias in CEs. 
Carlsson and Matinsson (2001) apply hypothetical and actual payment choice 
experiments to environmental donations -a public good - and test whether 
preferences and marginal WTP between the two contexts are significantly different. 
They fail to reject the null hypothesis that utility parameters and marginal WTP are 
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different, and conclude that this provides a strong external validity test for CE. 
Similarly, Lusk and Shroeder (2004) conducts a similar comparative study, this time 
using beef ribeye steaks -a private marketed good - and concur with Carlsson and 
Martinsson on marginal WTP. However, when they test the additional hypothesis that 
total WTP is equal across hypothetical and actual contexts, they reject it. In fact they 
find that total WTP is 1.2 times larger in the hypothetical than in the actual 
experiment. 
Carlsson et al. (2005) conduct a mail survey in Sweden with two CEs concerned with 
the purchase of two consumer goods: chicken and ground beef. The two CEs are 
actually pooled in the model estimation, and the cost parameter is assumed to be the 
same for both. A technique called `cheap talk' (that will be discussed later in section 
2.7.2 below) is used to investigate the presence of hypothetical bias. Suffice it to say 
here that cheap talk is meant to bring stated WTPs in line to the `true' WTP. Indeed 
hypothetical bias was found to occur for both the chicken and the ground meat CE, 
whereby seven out of ten attribute partworths are found to be significantly lower 
when cheap talk is used. This leads them to conclude that CEs may not fare better 
than CV surveys in terms of hypothetical bias. This said, it is worth noting that this 
study involved a mail survey, whereas the above two studies involved controlled 
experiments. 
2.7.2. Mitigating hypothetical bias 
A variety of methods have been devised to mitigate hypothetical bias in the SP 
valuation literature. The validity of their WTP estimates has been tested, showing a 
degree of success in many cases. These methods can broadly be grouped into two 
categories: methods that refine survey design to eliminate bias at its source, and 
methods that resort to econometric tools to `calibrate' WTP estimates. Next, these 
two approaches to hypothetical bias mitigation will be discussed. But before that, a 
caveat is warranted; none of these methods explores the possibility of modifying the 
likelihood function to mitigate bias. Available econometric methods that could be 
used to this effect will be considered in section 2.7.3 below. 
SURVEY DESIGN AND CORRECTIVE ENTREATIES 
Many SP studies attempt to correct hypothetical bias by including sections in the 
survey that encourage respondents to state choices that would conform better with 
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their `true' preferences. This is thought to reduce the chances of having overstated 
WTPs. The first to adopt such designs were Cummings and Taylor (1999). They 
design a `cheap talk' script with the aim to remove bias from a hypothetical 
referendum on contributing $10 to fund a public good. Cheap talk is a type of entreaty 
that consists of telling respondents enough about hypothetical bias so that they would 
self-correct for it. The authors encouraged participants to act as if the referendum 
were real, and explicitly addressed the problem of hypothetical bias by presenting 
data to demonstrate its occurrence, and discussed possible reasons for this problem. 
For two of their three goods - the donation to the Nature Conservancy for Costa 
Rican rain forest protection and a separate Nature Conservancy donation to protect 
land in the state of Georgia - the percentages of participants voting to donate $10 
were nearly identical in the real payment and hypothetical cheap-talk treatments. 
Moreover, these percentages were significantly lower than for the conventional 
hypothetical treatment. Also, for the third good - funding the publication of a 
citizens' guide on drinking water quality in the region of Albuquerque - the 
percentage of `yes' voters in the cheap talk treatment was within 5 percentage points 
of the real referendum treatment. 
Brown et al. (2003) test the use of cheap talk to reduce bias in hypothetical payments. 
For that, the authors conduct a split-sample CV exercise to value the students' 
willingness to contribute to university scholarship fund in the USA. The sample was 
split by crossing different payment levels with three levels of `reality' of payment: 
hypothetical, hypothetical with cheap talk and real. Though the effectiveness of cheap 
talk varies with the wording and with how salient it shows hypothetical bias to be, 
their general finding is that cheap talk significantly decreases hypothetical bias, 
especially with high payment levels. Another similar study that uses corrective 
entreaties was applied by Ajzen et al. (2004) to a DC-CV survey that also sought to 
value contributions to a university scholarship fund in the USA. By means of a long 
script, the corrective entreaty would wage a direct attack on hypothetical bias, urging 
respondents in the CV exercise to answer as if they were really spending their money. 
Not only would this inform respondents about the occurrence of hypothetical bias, but 
it would also give possible reasons for the phenomenon. Again, the corrective 
entreaty was found to eliminate the bias by bringing beliefs, attitudes and intentions 
in line with those governing real payments. 
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ECONOMETRIC TOOLS 
Many methods targeting hypothetical bias do so by estimating a calibration function 
that would decrease the discrepancies between hypothetical and real payments. 
Blackburn et al. (1994) tried to predict the `true' yes responses from the Cummings et 
al. (1995) study on private commodity goods mentioned above, based on the socio- 
economic characteristics of the respondents. In-sample comparisons of actual and 
hypothetical responses are used to estimate a bias function, based on the likelihood of 
respondents changing their hypothetical answers when asked for real. Thus the bias 
function seeks to estimate the deviation from 100% in the conditional probability of a 
real `yes' given a hypothetical `yes', and explain this deviation with socioeconomic 
covariates. This function would then be used to calibrate responses for a different 
good. Although the socio-economic covariates had limited explanatory power, the 
estimated statistical bias functions had a significant predictive ability, and had the 
ability to correct the hypothetical responses for an entirely different sample and 
commodity in a way that conforms well with the real responses. 
Johannesson et al. (1999) build on the Blackburn et al. approach and use data from 
two CV surveys eliciting WTP for two market goods - chocolates and sunglasses - 
that compare hypothetical and real `yes' responses. In both experiments, the same 
respondents answer a dichotomous donation and a real donation. The two 
experiments resulted in hypothetical yes responses far exceeding real ones. 
Johannesson et al. then went to estimate a `statistical bias function', which estimates 
the probability of a yes-yes response among respondents who answered yes to the 
hypothetical dichotomous choice question. The primary hypothesis was to test 
whether the respondents' certainty about their stated decisions, measured on a 1-10 
scale, could be used to calibrate the hypothetical yes responses. It was therefore used 
as an explanatory variable for the probit bias function. The probit parameter estimate 
for this variable was indeed highly significant. This function was then used to 
calibrate the proportion of hypothetical responses in both experiments. The overall 
proposition of yes responses turned to be the same for calibrated and real responses. 
Johannesson et al. therefore conclude that respondent certainty is a strong predictor of 
real yes responses, which allows the adjustment for WTP over-estimation. 
In a very similar vein, Champ and Bishop (2001) conduct a split-sample CV exercise 
in which some respondents are given the opportunity to sign up to purchase wind- 
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generated electricity, while others are given a hypothetical opportunity. Champ and 
Bishop use respondents' certainty levels to correct for hypothetical bias, and end up 
with similar findings to Johannesson et al. (1999). 
Combining SP and RP data is another approach that uses econometric manipulations 
to mitigate hypothetical bias and improve forecasting. An application of this 
methodology can be found in Adamowicz et al. (1994), who conduct a CE valuing 
recreational site choice in Canada. For the RP data, CE respondents were also asked 
about their trip decisions to a number of recreation sites. While the authors argue that 
the underlying preferences in both the RP and SP data are similar, it is striking that 
their SP WTP estimates are higher than RP WTPs by an average factor of five times. 
The authors then estimate a joint SP-RP model which turns out to be significantly 
superior to both the SP and RP models. This is explained by the fact that the SP data, 
orthogonal by design, help resolve the attribute collinearity problem plaguing RP 
data. As to the welfare implications of the joint estimation, WTPs were re-estimated 
and found to be much closer to the RP rather than the SP WTP estimates. Another 
example of combined joint SP-RP models is Adamowicz et al. (1997) 
2.7.3. Modifying the likelihood function: discrete choice models with 
misclassification of the dependent choice variable 
One avenue of research that is worth exploring to target hypothetical bias in SP 
studies is the modification of the likelihood estimator to account for the possibility of 
respondents mis-reporting their `true' preferences. So far, all the methods reviewed 
above employ tools that are external to the likelihood function. In contrast, Hausman 
et al. (1998) propose, among others, a modified likelihood estimator that corrects for 
misclassification of the dependent dichotomous choice variable. They adapt this 
model from biometrics research. Biometricians are concerned with `natural 
responses' by experimental subjects that have nothing to do with the stimulus being 
tested. An example is the subjects of a toxicity bioassay that die of natural causes 
unrelated to the experiment. Given options A and B, the model would estimate the 
probability of mis-classifying as A knowing that the true choice is B, and the 
probability for the opposite case, in addition to the usual logit or probit parameters. 
These parameters would therefore be adjusted to any potential bias induced by 
respondents mis-reporting their true choices. Hausman et al. apply this estimator to 
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model job change using two widely used datasets. In both cases, questions relating to 
job tenure are used to construct the job-change binary choice variable. As these 
questions can often be misunderstood, misclassification becomes a potentially serious 
problem. The results were satisfactory and conformed to prior expectations, as they 
showed that job changers are significantly more likely to mis-report their status. 
One of the few applications of this model to an economics-related problem is by 
Caudill and Mixon (2005). They conduct a direct survey of undergraduate cheating 
behaviour. Given the nature of the question, students' responses about their cheating 
behaviour might not always be truthful. Therefore, they apply the logit model with 
misclassification to analyse the data, and they contrast the results with those obtained 
from a standard logit. Indeed they only account for the possibility that 
misclassification (or mis-reporting) occurs with cheaters answering that they were 
non-cheaters. Their results suggest that once misclassification is accounted for, the 
incidence of cheating increases from a self-reported 51 % to 70%. 
Again, to the best of our knowledge, no study has yet applied this model in a WTP 
valuation context. The model proposed in Chapter 3 to estimate the MORI CE, and 
the results of which are presented and discussed in Chapter 5 below, will be the first 
such application. Note that the generalised logit model applied here is very similar, 
but different in some significant aspects, from the one proposed by Hausman et al. 
(1998). These differences will be discussed at length in Chapters 3 and 5. 
2.8. Preference Heterogeneity and the Latent Class Model (LCM) 
2.8.1. Accounting for variation in tastes 
Investigating taste heterogeneity in RUMs is difficult. The most common way to 
modify CL estimates to account for heterogeneity is by incorporating socioeconomic 
and/or other attitudinal parameters in the model (Adamowicz et al., 1998b; Kline and 
Wichelns, 1998; Adamowicz and Boxall, 2001). But since these characteristics are 
individual-specific and are invariant across choice alternatives, it will therefore be 
necessary to interact them with choice attributes. This would commonly involve a 
priori selection of both a limited number of socioeconomic variables and the 
attributes with which to interact (see section 2.3.3 above). Another approach would 
be to identify clusters in the population (by way of cluster analyses using 
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socioeconomic variables) and then estimate a choice model separately for each 
segment (Adamowicz and Boxall, 2001). 
Two broad approaches that rigorously account for taste heterogeneity in the choice 
modelling literature have been developed recently, with the aim of relaxing many of 
the constraining assumptions imposed by the standard CL specification, most notably 
the IIA assumption (Greene and Hensher, 2003; Train, 2003). The first is the mixed 
logit, or the random parameters logit (RPL), which assumes a continuity of 
preferences over some range of parameter values (McFadden and Train, 2000; Train, 
2003). Allowing parameters of the utility function to vary according to continuous 
parametric distributions enables the researcher to virtually approximate any 
preference structure. In this model, the conditional utility function in equation 2.2 in 
section 2.5.1 above becomes individual-specific: 
/ýr Unit fl, 
-, 
Xnit + £nir (2.12) 
The parameters vector therefore varies in the population following a density 
f (j310*). 0* are the `true' parameters of this density function. The vector ß,, can be 
decomposed into the population mean b, and the individual-specific deviation from 
this mean, 17,,. equation 2.12 can therefore be re-written as: 
U = bX,,,, + q,, X, ir + e,, 1 
(2.13) 
Since the values of A are not known, the probability q,,;, of choosing alternative i in 
choice occasion t becomes the integral of p,,;, (from equation 2.6 above) over all 
possible values of 83. 
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For maximum likelihood estimation, the whole sequence of choices per individual is 
needed. The probability of this sequence is derived similarly to q,,;, in equation 2.14. 
If ß, was known, the probability of the choice sequence would have been a product of 
logit functions. Let i(n, t) code for the option chosen by respondent it on choice 
occasion t, and , 6 =, B. The probability of the sequence of choices is then given by: 
Sn (j9) = /3 (2.15) 
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However, /3 is not known, and the actual probability is equal to the integral of 
equation 2.15 over all values of ß. 
S, 
ý(e')= 
fs»(ß)' f(ß119*)- dß (2.16) 
The log-likelihood function becomes: 
N 
LL(O) = l1n S (9) (2.17) 
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Since this log-likelihood cannot be calculated analytically, exact maximum likelihood 
estimation will not be possible. This function will have to be numerically 
approximated by simulation techniques such as the maximum simulated likelihood 
(MSL) estimation or the method of simulated moments (MSM) (McFadden and 
Train, 2000; Train, 2003). 
An example of RPL application in a consumer food safety context is Rigby and 
Burton (2005). Rigby and Burton apply a RPL analysis to data obtained from a CE 
looking into the public's WTP for GM food in the UK. The attributes used to describe 
alternative options in this CE are described in section 2.4.1 above. The use of the RPL 
specification allows for more than the measure of the average preferences, and the 
associated partworths and discounts that consumers are willing to accept, for GM 
food. It also answers the need of regulators and businesses for information on the 
spread of preferences and associated discounts. In terms relevant from a marketing 
perspective, this means that the RPL model allows the estimation of the proportion of 
the population willing to purchase GM food at different discount levels. Rigby and 
Burton's results show that the population is clearly segmented into three groups: 
infrequent, occasional and committed organic food purchasers. The segmentation 
meant that heterogeneity across these groups could not be accounted for by means of 
a random distribution of parameters. Instead, separate RPL models were estimated for 
each group. As expected, for a given discount level, a higher proportion of the 
population is willing to purchase GM food involving plant-plant than animal-plant 
gene transfer. Moreover, proportions for the latter type of GM food are very small, 
even when discount levels are high. An exception was the occasional group. This was 
attributed to the fact that the distribution obtained for this group-attribute combination 
was relatively flat as a result of the high variance of the occasional parameter for the 
GM food type. Thus a rather higher market penetration than expected was yielded. 
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Finally, and again for a given price discount level, market penetration of GM food 
was found to increase when moving from infrequent to occasional, committed-male 
and committed female groups respectively. 
This example highlights the great benefits the analyst or practitioner would reap from 
considering heterogeneity using RPL models. RPL model estimates present much 
richer insights into consumer preferences than standard CL estimates, which are only 
concerned with average effects. However, there are many limitations to the 
application of RPL estimation. Very often, the model can prove to be very costly 
from a computational point of view. It is often the case that it will even fail to yield 
parameter estimates for lack of convergence (Provencher and Bishop, 2004). This is 
especially the case when some parameters are assumed to have a lognormal 
distribution, or where the starting values for estimation are far from ML maxima 
(Train, 2003, pp. 285-286). Moreover, identifying and quantifying groups having 
more or less homogenous preferences is often desirable in order to answer pertinent 
research and policy questions (Boxall and Adamowicz, 2002; Scarpa et al., 2005). 
Explaining heterogeneity by contrasting preference patterns across groups, as 
opposed to only accounting for it in continuous parametric distributions, could often 
be much more useful to understand public preferences and WTP measures. 
The latent class model (LCM) has been proposed as an answer to the limitations 
inherent in the RPL approach. LCM is a semi-parametric variant of this latter (Greene 
and Hensher, 2003). Instead of assuming an underlying parametric distribution for 
taste parameters across individuals, the LCM approximates this distribution with a 
discrete one. In this model, segment-membership probabilities and segment-specific 
utility functions can be simultaneously estimated. In addition, the LCM allows for 
market segment probabilities to be explained by individual-specific characteristics, by 
conditioning them on a set of variables that can either be sociodemographic, 
attitudinal or behavioural. 
2.8.2. Early and current applications of the LCM 
The application of latent class analysis to discrete choice methods is relatively recent. 
At first, applications were mainly confined to problems of consumer choice (Swait, 
1994) and transportation research (Bhat, 1997). Swait (1994) simultaneously 
performs market segmentation and forecasts product choice for a given sample of 
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consumers. For that, he obtains brand image ratings along eight psychometric 
dimensions from a sample of consumers. He uses these ratings as individual-specific 
characteristics, along with a set of repeated choices of preferred products from among 
five brands of beauty products. His model therefore relates market segments both to 
individual-specific (socioeconomic and psychometric) characteristics and to observed 
RP choice data. Bhat (1997) applies the LCM model (which he refers to as 
endogenous segmentation choice model) to a RP travel demand context to estimate 
inter-city travel mode choice in Canada. He finds evidence for the existence of three 
preference segments that differ with respect to sensitivity to travel mode and levels of 
service. The probability of belonging to each segment was a function of individual- 
specific characteristics, namely income, sex, travel group size, day of travel and trip 
distance. 
The use of LCMs was later extended to fields of non-market valuation such as 
recreation demand forecasting. Examples of CEs predicting recreation site choice and 
eliciting welfare changes from park management policies are common in the 
literature, and were overviewed in section 2.4.1 above. Latent class analysis was 
employed in many of these CEs to refine the CL estimation and account for 
preference heterogeneity. These CEs are re-examined here to exemplify latent class 
analysis. In Boxall and Adamowicz (2002), the LCM is one of the models used to 
estimate their CE on wilderness park choice in different parts of Canada. Several 
segment-specific park choice probabilities were modelled as functions of the park 
monetary and non-monetary attributes, simultaneously with the corresponding 
segment-membership probabilities. These latter were similarly modelled as functions 
of `latent constructs' built from 20 statements made by respondents describing their 
motivations to take a trip. In addition, a dummy coding for a trip length of more than 
3 days was also included in the segment membership functions. Boxall and 
Adamowicz's analysis supports the presence of four segments among recreationists. 
The segment-specific utility functions are significantly different, reflecting different 
sensitivities to park and trip attributes. To examine the implications of hypothetical 
environmental management changes, they also derive segment-specific welfare 
estimates, as well as welfare estimates for the whole sample which are weighed by 
the segment-membership probabilities. 
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Similarly, in their destination CE looking into rock climbing in the Italian Alps, 
Scarpa and Thiene (2005) find support for the presence of at least four segments with 
statistically well-defined and coherent preferences that vary considerably across 
segments. However, unlike Boxall and Adamowicz (2002), they were unable to 
explain segment-memberships by socioeconomic characteristics. Finally, Provencher 
and Bishop (2004) find that the preferred LCM to estimate their CE studying angling 
site selection in the USA was a 3-segment specification. However, segment- 
membership probabilities were not modelled as functions of explanatory individual- 
specific variables. The LCM was compared with a standard CL and a RPL, and no 
model was found to be superior to the others. Surprisingly, the standard CL model 
was found to fare better in out-of-sample forecasting than the other two specifications 
designed to capture heterogeneity. In explanation, Provencher and Bishop argue that 
to the extent that the choice model is misspecified, excessively parametrising the 
choice model to capture preference heterogeneity (using the RPL or the LCM) will 
reduce its robustness. They add that model mis-specification is to some degree always 
the case with consumer behaviour and other statistical inference models. Hence 
despite its merits, caution is advised in applying LCMs. 
Latent class analysis has also been recently applied to environmental and resource 
valuation problems outside the field of recreation demand. For example, Scarpa et al. 
(2003) value a selection of breed traits of `Creole' pigs in Mexico. These traits, 
considered to be non-market inputs into local household production, are being eroded 
by the introduction of exotic breeds. For that, a CE is employed in which respondents 
(either households of backyard producers or small farmers), were presented with 
choice tasks in which they had to buy one of two pig profiles, or choose neither. Each 
pig profile was described by means of four relevant rearing attributes: weight, 
frequency of bathing, feed purchase requirement, disease resistance. A monetary 
attribute, the cost of the piglet, was also included. In addition to valuing genetic pig 
traits, Scarpa et al. also investigated whether or not preferences varied across and 
within producer types. They also looked into the extent to which this variation is 
informed by producer's characteristics both across and within producer type. Since 
small farmers and households are clearly distinct in character, preference parameters 
were separately estimated for each group, identifying significant differences. Latent 
class analysis was employed to investigate preference heterogeneity only within 
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households. The presence of two distinct segments is established, and segment- 
membership probabilities by socioeconomic characteristics such as age, income and 
education were successfully explained. 
More relevant to the present study is the application of latent class analysis to CEs 
estimating demand for environmental and human safety in food. The work by Hu et 
al. (2004) that uses a CE to value trade-offs between health, environmental and GM 
attributes in bread is described in section 2.4.1 above. The application of an LCM to 
estimate the CE identifies four distinct classes. These are labelled `Value-Seeking 
Consumers', `Fringe Consumers', 'Anti-GM Consumers' and `Traditional 
Consumers', and differ significantly in their preferences. The LCM estimation is first 
carried out without modelling segment-membership probabilities as functions of 
socioeconomic characteristics. Instead, an ex post analysis was carried out for this 
purpose, finding that membership of segments was influenced by gender, number of 
children in the household, education and age. 
2.8.3. Model specification and estimation 
The LCM generalises the standard CL model by assuming that more than one 
preference segment exists in the population, and that it is the segment-specific utility 
functions that are expressed as a CL function (see equation 2.6). Indeed when the 
presence of only one latent segment in the population is assumed, the LCM collapses 
into the standard CL. This implies that all members in the population have the same 
underlying preferences. The LCM is formalised by assuming that S segments exist in 
the population. Assuming that individual n belongs to segment s, the fundamental CL 
presented in equation 2.6 becomes segment-specific, setting all scale parameters in all 
the segment-specific utility functions equal to one following Boxall and Adamowicz 
(2002): 
e, 6; x- 
P,.;, is - leasXn;, 
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(2.18) 
where p,, i, is is the probability that individual n chooses option i on choice occasion t 
from choice set C,,,, and given his membership to segment s. 
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Following Swait (1994) and Boxall and Adamowicz (2002), the likelihood 
membership function M, S of any given individual n to segment s can be expressed as 
follows: 
Ms = 2; z,, + ý. (2.19) 
whereby Z is a vector of individual-specific variables or constructs (socioeconomic, 
attitudinal and/or behavioural), AS is vector of parameters to be estimated, and a 
vector of error terms. Segment membership is therefore a random variable. Assuming 
that error terms are iid across individuals and segments and Type I extreme value, or 
Gumbel, distributed, it is possible to specify the joint probability pS for individual n 
to belong to a given segment s as a multinomial logit: 
e 
2sz- 
Pits =S 
YeA Zn 
s=l 
(2.20) 
Regardless of whether the distribution of the error term assumes a Gumbel, normal or 
any other functional form, p,, must be equal to one, and 0<_ 1. Thus the joint 
probability that n selects alternative i on occasion t, and at the same time belongs to 
segment s, is given by: 
P, isrt = Pits ' Adds 
(2.21) 
The unconditional probability that n chooses i can therefore be characterised as 
follows: 
s ee: i; X, -, r 
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s=I s=1 eZe 
VjECN 
S=I 
Thus the LCM allows the parameters vectors for individual-specific characteristics 
and choice attributes, represented by A and ß respectively, to be simultaneously 
estimated and to jointly explain individual choices. Again, the parameters may be 
estimated using maximum likelihood procedures, whereby the likelihood function of 
the standard CL model (see equation 2.8) is modified to accommodate segment 
membership probabilities: 
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Substituting the choice and membership equations (3.9 and 3.11) for the probability 
terms pS and pjtls respectively, the following expression can be written: 
Nrse AZ, eß 
X;, 
log L(/35 , 2S) =LLLy, rj, " 
log 
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(2.24) 
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This specification assumes that the multiple choices made by each individual are 
independent. It also takes as given the number of segments S, which therefore has to 
be selected a priori by the researcher. Increasing the number of segments would 
naturally `improve' the model's fit. But this improvement threatens to be mere 
inflation in the likely cases where the new sets of segment-specific membership and 
utility parameters do not add any significant information. Therefore, the model has to 
be penalised for these additional sets of parameters (A and AS). Choosing the 
`optimal' number of segments is done by means of statistical information criteria that 
weigh the benefits of improved model fit against the undesirable effect of adding new 
parameters. Two such criteria are commonly used in the literature: the Akaike 
Information Criterion (AIC) and the Bayesian Information Criterion (BIC) (Swait, 
1994; Boxall and Adamowicz, 2002; Hu et al., 2004). The AIC is calculated as 
follows: 
AIC = -2 " (log L- P) (2.25) 
where log L is the log-likelihood at convergence of the model, and P is the total 
number of parameters estimated (both utility and segment-membership parameters). 
The BIC, on the other hand, is computed as follows, given a sample size N: 
BIC =-log L+[(P/2)" log N] (2.26) 
Minimising these criteria serves as a guide to the decision on how many segments to 
assume for the LCM estimation. This said, a caveat is warranted. It is suggested that 
the AIC tends to overestimate the `correct' number of segments while the BIC does 
not, at least asymptotically. However, it is also the case that the BIC tends to 
underestimate the number o segments when the sample size is small (Provencher and 
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Bishop, 2004). It is therefore wiser to use both indicators in combination to inform 
LCM specification, rather than rely exclusively on one or the other. 
2.8.4. Partworth and welfare estimation 
Once parameters are estimated, welfare measures can then be derived. Again, welfare 
estimates in equations 3.6,3.7 and 3.8 become segment-specific. Unconditional 
estimates are arrived at by modifying these equations to incorporate segment 
membership probabilities. The general compensating variation equation 2.9 proposed 
by Hanemann (1982), McConnell (1995) and Parsons and Kealy (1992) is modified 
as follows for any given individual n: 
WTP 
[L[in 
n eß=X - In efl, 
X 0 Plis 
S=1 /" Il VIEC 
VIEL 
(2.27) 
In the case of non-use, non-excludable benefits/costs analogous to equation 2.10, this 
expression would collapse into: 
S 
WTP =-ZP»s' -"(1neR'X' -1neRrX =-sPs' 
ýSXi 
-ý3sX. °-) (2.28) 
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And finally, in the case of attribute partworths (see equation 2.11), this expression 
would yield the following expression: 
S ýns 
WTP = -E Pits ýps 
s=1 
2.9. Summary 
(2.29) 
In this chapter, the scientific background for the problem at hand was delineated. The 
current limited knowledge and evidence on alleged pesticide exposures and impacts 
in the UK was outlined. The limitations and high degree of arbitrariness inherent in 
the prevailing hazard and risk indices were noted. PHERA approaches were briefly 
outlined. Next, the PHERA method was exposed. In general terms, it was shown how 
a distribution and uncertainty around the risk of exposure of a (group of) species to a 
minimum concentration of a (group of) pollutant(s) can be characterised. Variability 
and uncertainty can be disentangled and measured either parametrically or through 
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the use of simulation bootstrapping methods. Indeed, hybrid techniques that benefit 
from the advantages of both have been developed. 
The literature on the valuation of reduced pesticide usage is overviewed, with a focus 
on the UK context. In addition, the different attempts at valuing the impacts of 
reduced or no pesticide use are reviewed. The limitations of each of these approaches 
and the need for a more rigorous and multifaceted approach to valuing the economic 
impacts of pesticide reduction are highlighted. Ideally, the problem would be tackled 
by a combined CE and PHERA approach to value transmission. Transmitting WTP 
for environmental and health improvements to the pesticide product would allow for 
the internalisation of what is a substantial proportion of pesticide externalities. 
Next, CEs, and CM methods in general, are discussed. In the context of 
environmental valuation, the reasons why SP methods (to which CM belongs) are 
more adequate than RP methods are explained, especially in cases of non-use 
valuation. Past and current uses of SP methods and their rising popularity in 
environmental valuation are then discussed, starting with CV methods. Addressing 
the limitations of CV methods, multi-attribute CE/CM methods are proposed as an 
alternative to address many of these limitations. The different stages in carrying out a 
CE/CM exercise, from survey design to model and welfare estimation, are described. 
Issues in the CE/CM methodology relevant to the work done in this study are then 
treated. The impacts of information and environmental labelling on WTP estimation 
were reviewed. Another issue reviewed was the problem of hypothetical bias. 
Methods to mitigate bias through design and through modifying the statistical 
analysis are described, as well as the presence of unmitigated bias in the pesticide 
valuation literature. The topic of preference heterogeneity was explored. One 
approach to account for and explain preference heterogeneity in CE surveys is the 
LCM. Early and current uses of latent class analysis are overviewed, with emphasis 
on environmental valuation. Model and welfare estimation in LCM are described, and 
this is done by showing how the standard CL is generalised to accommodate the 
possibility of the presence of a finite number of segments with specific preferences in 
the population. 
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CHAPTER 3- METHODOLOGY OF THE MORI CHOICE 
EXERCISE 
In this chapter, the methodology followed in the course of the MORI choice exercise 
is detailed. Briefly, a simple dichotomous choice contingent valuation (CV) exercise, 
measuring the UK public's WTP for food with no pesticides, was designed and used 
to test the Bayesian unconditional probability of mis-reporting (UPMR) model. This 
survey figured in a large-scale nationwide survey conducted by the market and public 
opinion research agency MORI. The data obtained from this survey will be estimated 
using a Generalised CL that accounts for respondents who mis-report their 
preferences. Mis-reporting in favour of `No Pesticides' food selections is suspected to 
be a major cause of inflated WTP values for this type of food, especially where 
incentives to state `true' preferences are lacking. Indeed, there are many reasons to 
suspect that the survey design of this CV exercise suffers from serious shortcomings 
in the way it was designed, most notably its lack in incentive compatibility and an 
arbitrarily imposed budget constraint. Incentive incompatibility is conducive to mis- 
reporting, and therefore is itself a cause of hypothetical bias. Therefore, this survey 
offers a valuable opportunity to test the effectiveness of the UPMR model. Finally, 
this CV exercise was econometrically treated as a CE. Indeed CE is an extension of 
CV, whereby both are RUMs. But the advantage in this treatment lies in the fact that 
the estimation model is now the CL model, albeit in its simplest form, rather than the 
simpler binomial logit that is commonly used in the econometric analysis of CV 
responses. This lays the ground for developing a UPMR model that can be readily 
generalised to accommodate multinomial, multi-attribute choice tasks. 
3.1. The DEFRA Study on the Acceptability of Pesticide Impacts 
The CE exercise which is analysed below is the result of collaboration with Dr. Mark 
Crane, an honorary research fellow at Royal Holloway (University of London), and 
co-owner of the environmental consultancy Watts & Crane Associates. This 
collaboration centred on a DEFRA-funded study "to establish what specific 
stakeholders and the wider public regard as acceptable effects from pesticide use, so 
that these values can be considered for incorporation into the pesticide authorization 
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process" (Crane et al., 2006). This study was motivated by the European Union's 
effort at harmonising pesticide registration throughout Europe. EU Plant Protection 
Products Directive 91/414/EEC in fact requires that pesticides have "no unacceptable 
influence on the environment in general. " The `acceptability' of environmental 
impacts clearly involves societal values, necessitating extensive consultation with a 
broad spectrum of stakeholder groups which include environmental scientists, 
government regulators and pesticide manufacturers. In addition, representatives from 
the wider community and environmental NGOs need to be consulted. In view of the 
public's rampant scepticism about science and perceptions of pesticide risks that may 
diverge considerably from those held by specialists, it is important that scientists and 
lay people communicate the multifaceted aspects of pesticide impacts. 
The study, therefore, started by eliciting the views of stakeholders in the pesticide 
assessment, authorisation and management process in focus groups addressing the 
acceptability of pesticide impacts from normal use on crops. The outcomes of these 
focus group discussions were then used to formulate and prioritise questions for a 
nationwide opinion survey of more than 2,000 members, to elicit the views of the 
general UK public. 
STAKEHOLDER FOCUS GROUPS 
Eight specific stakeholders were identified as key decision or opinion formers in the 
UK pesticide authorisation process: (1) the Pesticide Safety Directorate, (2) other 
government regulatory agencies, (3) pesticide manufacturers, (4) environmental 
NGOs, (5) farmers and their advisors, (6) food distributors and retailers, (7) 
academics with knowledge of the fate and effects of pesticides and (8) environmental 
consultants with knowledge of the fate and effects of pesticides. Representatives from 
a range of organisations participated in 3-hour meetings for each stakeholder group in 
December 2003. They were asked to discuss the following: 
" What levels of impacts that may be caused by normal agricultural pesticide use on 
crops are deemed acceptable, and what levels are unacceptable? 
" Does the answer depend on the species affected? 
" To what scale does the answer relate (e. g. single field, parish, county or the whole 
country)? 
" To what frequency of occurrence does the answer relate (once a year, once every 
ten years etc... )? 
95 
Table 3.1 The MORI public opinion poll questionnaire 
Question Choices 
Q1. Which of these products do you (i) Rat/mouse poison, (ii) weed killer for paths, drive or patio, 
use at home or in the garden? (iii) weed killer for lawn or other vegetated areas, (iv) ant 
powder/spray, (v) wasp powder/spray, (vi) slug/snail pellets, 
(vii) sprays to protect plants from pests, fungus or disease, 
(viii) organic pesticides, (ix) other (x) and none of these 
Q2. Which of these are the two or 
three most important factors that 
society should take into account in 
deciding how to grow food? 
(i) Producing cheap food, (ii) protecting animal welfare, (iii) 
protecting jobs/generating jobs, (iv) protecting the beauty of 
the countryside, (v) protecting the health and variety of 
wildlife, (vi) protecting waterways, (vii) protecting human 
health, (viii) producing good-quality food, (ix) other, (x) none 
of these and (xi) don't know 
Q3. What possible causes of damage (i) Industrial chemicals/use of industrial chemicals, (ii) GM 
to wildlife and habitats in Britain crops, (iii) housing/building houses in the countryside, (iv) 
have you heard about? intensive farming, (v) litter/people dropping litter, (v) sewage 
discharges, (vi) livestock/the way animals are kept, (vii) 
pesticides/use of pesticides, (viii) roads/road building, (ix) 
cars/traffic, (x) salmon farming/fisheries, (xi) other, (xii) none 
of these and (xiii) don't know 
Q4. Do you personally support or (i) Tend to support, (ii) neither support nor oppose, (iii) tend 
oppose the use of pesticides on farm to oppose, (iv) strongly oppose and (v)don't know 
crops? 
Q5. Why do you say that? (Asked Positive codes 
only of those who supported or (i) Kill unwanted pests, (ii) control diseases of crops, (iii) 
opposed the use of pesticides in Q4) control plants that compete with crops, (iv) increase amount 
of food grown, (v) provide cheaper food, (vi) other and (vii) 
don't know 
Negative codes 
(i) Risk to/impact on human health, (ii) risk to/ impact on 
farmers' health, (iii) impact on/destruction of wildlife, (iv) 
impact on countryside/habitats and (v) cost of using pesticides 
Q6. What are the good things about (i) Cheaper food/reduced cost of food, (ii) grow faster/higher 
using pesticides on farm crops? yield/productivity, (iii) improved quality of food, (iv) improve 
taste of food, (v) improve healthiness of food, (vi) kill 
unwanted pests, (vii) control diseases of crops, (viii) control 
plants that compete with crops, (ix) more profit, (x) other, (xi) 
none and (xii) don't know 
Q7. What are the bad things about (i) Increases cost of food, (ii) kill insects that are not pests, 
using pesticides on farm crops? (iii) kill plants that are not weeds, (iv) kill wildlife/damages 
wildlife, (v) contaminate waterways, (vi) possible health risks 
for humans, (vii) reduce quality of food, (viii) reduce taste of 
food, (ix) reduce healthiness of food, (x) other, (xi) none and 
(xii) don't know 
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Question Choices 
Q8. How concerned are you (i) Very concerned, (ii) fairly concerned, (ii) not very 
personally about the effects of concerned, (iv) not at all concerned and (v) don't know 
[human activities in the countryside] 
or [pesticides used on farm crops] on 
each of the following: 
(a) Earthworms, (b) butterflies, (c) 
insects, (d) songbirds, (e) carrion 
birds, (f) birds of prey, (g) badgers, 
(h) rats, (i) frogs, (j) fish, (k) flowers, 
(1) weeds, (m) soil microorganisms, 
(n) waterways, (o) hedgerows, (p) 
woodlands, (q) the beauty of the 
countryside, (r) jobs and income in 
the countryside and (s) human health 
Q9. You said you are very concerned 
about [(a) to (m), inserted from Q8]. 
How concerned would you be if only 
a small number of individual [(a) to 
(m), inserted from Q8] died, but the 
overall population was unaffected? 
(Asked only of those very concerned 
about effects on biota (a)-(m) in Q8). 
Q10. Food sensitivity 
11. The CE exercise 
(i) Very concerned, (ii) fairly concerned, (ii) not very 
concerned, (iv) not at all concerned and (v) don't know 
See section 3.2 below 
See section 3.2 below 
Once these groups agreed on summaries of the focus groups in which they 
participated, the eight summaries were condensed into one report that was sent again 
to stakeholder groups for final approval. In brief, these focus groups identified a 
concern among stakeholders for the possible effects of pesticides on animal and plant 
population viability and microorganism function. However, they recognised that there 
exists a trade-off between the potential economic benefits of responsible pesticide 
usage and the potential disadvantages of individual poisoning events. 
THE NATIONWIDE MORI PUBLIC OPINION POLL 
Questions for the public opinion survey were formulated and prioritised by the 
stakeholders, and can be visualised in Table 3.1 above. The survey was conducted by 
the market and public opinion research agency, MORI. In the survey, a representative 
quota sample of 2,049 adults aged 15 or above in 201 sampling points across Great 
Britain. Interviews were conducted face-to-face, in-home, between 29 April and 4 
May 2004. An account of the main findings arising from this study can be found in 
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Crane et al. (2006). Very briefly, the survey shows that, despite the fact that 
pesticides are widely used in homes and gardens, their application to crops remains an 
issue for considerable concern to the general public. Concerns turn out to be the 
greatest when it is a case of human health and food quality, but potential impacts on 
the environment are also an issue of considerable concern for a significant number of 
people, especially if attractive species are affected. 
3.2. The Design of the Choice Exercise 
The design of the choice exercise and its contribution to the survey is aimed at 
attaching monetary values to the benefits people gain from `no pesticide' use in food 
production. For this purpose, two questions were designed and incorporated in the 
MORI survey. The first question (Q10 in Table 3.1 above) tried to weight different 
types of public concern pertaining to pesticide use. Respondents were asked the 
following: 
When thinking about buying food, which, if any, of these is the most 
important to you? 
" Relative product price 
" Food Safety 
" Environmental Safety 
" Other 
" None of these 
" Don't know 
To estimate the public's WTP for a the described basket of food produced under `no 
pesticide' use farming practices, a dichotomous choice exercise (Q11 in Table 3.1 
above) was designed for which the payment vehicle was the purchase of a weekly 
food selection. This basket would include a variety of essential food items, and is 
composed of bread, meat, milk and some fruits and vegetables. Respondents were 
asked to consider that the purchase of a food basket competes with the purchase of 
leisure items for the same weekly budget. 
The treatment of this exercise as a CE is done solely for the purpose of econometric 
modelling; normally, this choice exercise would be analysed as a typical discrete 
choice CV exercise. Again, the difference between CE and CV resides in the fact that 
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Table 3.2 Attributes and attribute levels 
Attribute Description Nature of food selection Level(s) 
No Pesticides Dummy variable coding for the `Pesticides used' (standard) 0 
nature of the food selection `No pesticides used' 1 
Payment Weekly cost of the food selection `Pesticides used' £12 per week 
`No pesticides used' £14 per week 
£17 per week 
£23 per week 
Table 3.3 Budget constraint and individual-specific variables 
Variable Description 
Fifty Dummy variable which takes the value of `1' if the respondent is faced with a weekly 
food/leisure budget of , and 
`0' otherwise 
Female Dummy variable which takes the value of `1' if the respondent is a female, and `0' if a 
male 
Old Dummy variable which takes the value of `1' if the respondent is older than 45, and `0' 
if younger 
Environment Dummy variable which takes the value of `1' if the environmental safety is the 
respondent's main concern while buying food, and `0' otherwise 
Food Safety Dummy variable which takes the value of `1' if the food safety is the respondent's 
main concern while buying food, and `0' otherwise 
CE is multi-attribute, and often multinomial, and allows for the independent variation 
of attribute levels across choice scenarios, to the effect that choice probability can be 
modelled as a function of these levels. On the other hand, CV would involve a 
dichotomous choice pertaining to a good described uniformly across respondents, 
except for the payment level that is randomised across respondents. 
Given this peculiar treatment as a CE, Table 3.2 above defines the `attributes' and 
`levels' offered to respondents, subject to the caveat that the whole exercise may just 
as well be rendered as a CV scenario, i. e. by quoting verbatim the actual uniform 
good description and then describing the payment vector, as is done later in Figure 
3.1 below. Table 3.3 above defines the individual-specific variables that were used to 
estimate the subsequent models, and include the budget constraint and its two levels, 
as well as some socioeconomic and attitudinal variables. 
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Figure 3.1 Example of a choice card 
CHOICE CARD AA 
Assume you have a budget of £30 per week. You may allocate this budget between buying a 
selection of food - bread, meat, milk and some fruits and vegetables - on one hand, and leisure 
items on the other. So, if you spend more money on food, you will have less to spend on leisure 
items. Assume also you have made all your other regular purchases. 
While shopping for a the food basket, you are faced with the following choices - either: 
CHOICE 1: A selection of food - on which pesticides have been used - costing £12 
(£18 left for leisure) 
CHOICE 2: A selection of food - on which no pesticides have been used - costing £14 
(£16 left for leisure) 
Which selection would you choose? 
" CHOICE 1 
" CHOICE 2 
" Don't know / Depends 
Originally, it was intended to use bread as a payment vehicle, namely the cost of four 
loaves of bread per week. The choice of the payment vector was therefore based 
initially on a survey of market prices of both standard and organic bread. The typical 
price of a white, 800g loaf of bread was found to be 60p, and the assumption that four 
such loaves of bread are typically consumed per week is a realistic one, as is 
evidenced by the fact that in 2005/2006, the average household in the UK would 
spend £2.10 on purchasing bread. The prices of `no pesticides' loaves were 70p, 85p 
and £1.15. In addition, the budget constraint was either £10 per week or £30 per 
week. However, stakeholders preferred that a more inclusive weekly `food basket' be 
used. This preference was communicated to us at a very short notice, and the CV 
scenario had to be re-designed, and payments re-assigned, very quickly in order to 
meet the timeline for the MORI survey design and implementation. 
In the final CV scenario, each respondent was faced with one of two options. One 
was buying a `standard' food basket on which `pesticides have been used', with a 
constant price (£12/week) across all respondents. The other option was labelled `no 
pesticides have been used', with three different prices: £14, £17 or £23/week, 
randomised across respondents. The food selection is composed of `bread, meat, milk 
and some fruits and vegetables'. There was an element of arbitrariness involved in the 
way the baseline price was set at £12 per week. This was done by simply assuming 
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that this amount is a reasonable cost for the proposed basket. Indeed, while this 
amount might still be representative, and hence credible, for respondents from lower 
income deciles, it should be noted that the national average family spending in 2005- 
2006 on the food items listed in this basket was £21.00 per week (ONS, 2007, pp. 69- 
70). This is a lot higher than the £12/week adopted for this CV scenario, and indeed 
closer to the upper bid levels for the `No Pesticides' option. 
The weekly budget constraint assumes two levels: £30/week and £50/week. Again, an 
element of arbitrariness was involved in assigning these numbers. In fact, average 
weekly family spending on `recreation and culture' in the UK turns out to be 
£57.50/week (ONS, 2007, p. 2). If added to the average weekly expenditure on the 
food basket, it is clear that the range of assigned budget constraints should have 
encompassed the sum, which is £77.50/week. 
It should be acknowledged that the description of the food basket, the vector of 
payments and the budget constraints could not be tested in focus groups due to time 
constraints. Instead, support for the choice of the payment vehicle was sought from 
valuation exercises with similar or related scope (Burton et al., 2001; James and 
Burton, 2003; Travisi and Nijkamp, 2004; Rigby and Burton, 2005), and the practice 
of using expenditure on a weekly food basket as payment vehicle was deemed to be 
well-established. Also, similar CV scenarios valuing `standard' vs. `reduced 
pesticide', `no pesticides' or `IPM' food products are not uncommon in the literature 
(Eom, 1994; Govindasamy and Italia, 1998; Fu et al., 1999; Magnusson and 
Cranfield, 2005). 
The design of this choice exercise was considerably constrained by size 
considerations, as it had to be kept as parsimonious as possible in order for it to be 
included in the MORI opinion poll. Moreover, as it has been discussed above, there is 
significant scientific uncertainty surrounding the impacts of pesticides and their 
removal from food production. For these two reasons, it was decided that it was not 
feasible to include such information in choice cards. As a result, the choice cards 
were kept simple. This means that the WTP estimates purely reflect the current 
perceptions held by the respondents of pesticides and their alleged impacts. This will 
have implications to the validity of responses that were addressed using econometric 
methods, as will be discussed later. 
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A total of six choice cards were allocated to respondents. This is the result of the full 
factorial product of attribute and budget constraint levels. In each choice card, one 
option is always `standard' and the other `no pesticides'. The former's payment level 
is fixed, and only the latter's payment level varies randomly across respondents by 
assuming one of three values. This results in a full factorial design of (lxl)x(lx3)=3 
combinations before the allocation of budget constraints. Only one of the two budget 
constraints is assigned to each choice card, and obviously is constant across options. 
This results in a total of 3x2=6 choice cards. Each respondent faces only one of these 
cards. Figure 3.1 above is an example of a choice card. 
Note that of the 2049 respondents interviewed, 115 chose the `don't know/depends' 
option. These were excluded from all the analyses, hence reducing the analysed 
sample size to 1934 respondents. Also, only 85 out of the total of 2049 respondents 
(4.15%) chose the last three options in Q10 ('other', `none of these' and `don't 
know'). Since only the `food safety' and `environmental safety' answers to Q10 were 
coded with dummies and included in the model estimation, these three answers were 
effectively confounded with the `relative product price' baseline group (528 
respondents). 
3.3. Estimating the CV Exercise: The Bayesian Generalisation of the CL Model 
to account for respondents mis-reporting their `true' preferences 
As discussed in section 2.6 above, some degree of hypothetical bias is likely to occur 
in SP surveys whatever the survey format, whether open-ended or dichotomous 
choice CV, or indeed multi-attribute CM. More specifically, there are ample reasons 
to suspect that non-use WTP estimates of reduced pesticide usage might be affected 
by hypothetical bias, more so if the survey instrument is not carefully designed, with 
all the implications to incentive compatibility properties (see section 2.6 above). 
Whatever the underlying motives, hypothetical bias and inflated WTP estimates in 
stated choice methods are a direct result of respondents mis-reporting their `true' 
preferences. Indeed, in this CE, one suspects that a sizeable proportion of the 
respondents are tempted to vote in favour of the `No Pesticides' option for myriad 
reasons that were discussed at length in section 2.6 above. 
Unlike some other studies, reviewed in section 2.7.2, which have addressed the 
problem of hypothetical bias by calibrating responses through self-assessed 
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respondents' certainty levels (Blackburn et al., 1994; Johannesson et al., 1999; 
Champ and Bishop, 2001), the approach presented here does not require statements 
by respondents about their uncertainty. In addition to the individual linear utility 
common to all RUMs (see equation 2.2), each respondent is assigned a probability 
that he/she will respond in a manner inconsistent with this utility function (which is 
termed mis-reporting). Moreover, each option within the choice set is assigned a 
probability that, should respondents mis-report their preferences, it is in favour of that 
option. These probabilities are then estimated along with the usual attribute and 
interaction parameters of the CL model. 
The model applied herein is similar to that proposed in Hausman et al. (1998) and 
introduced in section 2.7.3. It was first proposed by Balcombe et al. (2007), whereby 
the model is implemented using the MORI data set described above'. As in the 
Hausman et al. model, this approach assumes that respondents potentially give 
inaccurate responses, deliberately or otherwise, and the propensity for them to do so 
is explicitly estimated within the model by generalising the likelihood function. 
However, whereas the Hausman et al. model specifies conditional probabilities for 
mis-reporting within the likelihood function that depend on the nature of the `true' 
choice, an unconditional probability that there is mis-reporting is specified. 
Consequently, this model is referred to as the unconditional probability of mis- 
reporting (UPMR) logit to distinguish it from the Hausman et al. model. This latter is 
referred to as the conditional probability of mis-reporting (CPMR) logit. The UPMR 
and CPMR approaches to the treatment of mis-reporting produce models that are non- 
nested (i. e. neither of the two models is a special case of the other). However, the 
UPMR generalises more easily into the multinomial logit, and is more parsimonious 
than the CPMR model except in the binomial case, where the numbers of parameters 
in each model are equal. 
1 Note that Dr. Kelvin Balcombe takes full credit for developing the theoretical framework and 
estimation algorithms for the mis-reporting logit. Therefore the model is discussed herein in a 
summarised form, and the interested reader is referred to Balcombe et al. (2007) for a detailed 
exposition of the model. 
103 
A Bayesian approach to estimation which builds on the work of Koop and Poirier 
(1993) was employed. However, as with Lahiri and Gao (2002), a Metropolis- 
Hastings (M-H) approach to estimation, rather than importance sampling, is used. 
Among the advantages of the Bayesian approach over the Classical approach is that 
non-identification of parameters is less problematic (Bauwens et al., 1999, p. 41). 
Moreover, inequality restrictions are easily implemented when using an acceptance- 
rejection step within a Metropolis-Hastings algorithm (Chib and Greenberg, 1995). 
As will be described, both non-identification and inequality restrictions are features of 
both the UPMR and CPMR models. Likewise, a `test' for the validity of the standard 
CL model would require a restriction on a parameter at a point on the edge of the 
parameter space. This also poses problems within the Classical framework, but 
creates no particular obstacle for the calculation of Bayes factors in the manner of 
Chib and Jeliazkov (2001). 
Non-market studies employing Bayesian methods to estimate WTP are few in the 
literature (Fernandez et al., 2004; Arana and Leon, 2005). Both studies include 
empirical applications in which the recreational value of a natural site is estimated. In 
both cases, a hypothetical access fee serves as a payment vehicle. These applications 
estimate WTP using various probit specifications to capture heterogeneity. Finally, in 
both cases, the sample data, generated as part of a dichotomous choice CV exercise, 
are analysed as a binomial logit rather than as a CL (albeit pertaining to a 
dichotomous choice exercise) as in the case at hand. 
3.3.1. Model specification and estimation 
Following equation 2.2, it is assumed that the choice between the two food selections 
satisfies the below indirect conditional utility function: 
Ur = i3x 'X,,; + Cr X3.1) 
where: 
=) 
N0 Pesticides 
and X,. 
i 
= 
No Pesticidesi 
(3.2) 
x-ß Payment 
No Pesticides and Payment are the attributes as defined in Table 3.2 above. In this 
case, the WTP of the individual for the `No Pesticides' selection of food would 
simply be the negative of the ratio of 8N,, Pesticides to ßpay, ne1 (see equation 2.11). Since 
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each respondent is faced with one choice occasion, the subscript t becomes redundant 
and is therefore dropped out of the utility, attribute and error arguments. However, if 
No Pesticides and Payment are interacted with the 1x5 vector of individual-specific 
variables Z, (see Table 3.3 above), the computation of WTP of the individual for `No 
Pesticides' food following equation 2.11 should be modified: 
WTPn __ 
NNo Pesticides 
+ /-pint l 
Zn 
Pmmrnt 
+ 
)6int 2Zn 
fi f 
(3.3) 
ßj,,, i and ß;, t12 are 1x5 vectors of parameters for the No Pesticides and Payment 
interaction terms, respectively. Effectively, these interaction parameter vectors will 
condition the attributes vector 8x on individual-specific characteristics. Note that 
interacting monetary variables with socioeconomic variables is not commonly 
practised in the environmental valuation literature, and for that, the example of 
Allenby and Ginter (1995) and Allenby and Lenk (1994) was followed. In these two 
papers, however, this was done in the context of a random parameters logit. A 
hierarchical model is actually estimated in which attributes and monetary parameters, 
thought to be randomly distributed across individuals, are regressed on individual- 
specific variables. If it is assumed that these regression equations are deterministic, 
the model is then reduced to the standard CL or its UPMR generalization. This 
specification adds considerable flexibility to the WTP computation, since it does not 
force socioeconomic characteristics to contribute additively to the WTP expression in 
equation 4.3. Rather, socioeconomic effects are simultaneously added to the 
numerator (by means of No Pesticides interaction terms) and the denominator (by 
means of Payment interaction terms), changing the value of WTP, in a nonlinear 
fashion. 8x, 8j,,, j and)6M12 are thereafter vertically concatenated into a 1x12 vector of 
parameters 8 to be estimated. 
In the UMPR model proposed here, the standard CL is modified by introducing the 
probability that individual n mis-reports his preferences. Therefore an indicator 
variable v,, is denoted, and assumes a value of 1 if this individual correctly reports his 
preferences given a choice set C, of J alternatives, and 0 otherwise. The probability of 
correct reporting is defined as: 
105 
Pr(v =1)=; t (3.4) 
The probability that option i is chosen, or that y,,; (see equation 2.8) equals one, is 
therefore expressed as follows: 
Pr(y,,; =1) = Pr(y,,; =11v, 1 =1) " .ir+ 
Pr(y,,; =11v,, = 0) " 
(1-; r) (3.5) 
Furthermore, a probability that individual n will mis-report in favour of option i (if of 
course he mis-reports) is assigned such that: 
Pr(y,,, =11 v = 0) = ti (3.6) 
where: 
ý; =1 (3.7) 
viecn 
ft can therefore be defined as: 
fr = Pr(Y, 1; = 
1) = P,,; " 7r + 2; " 
(1- ; r) (3.8) 
where p,,; is the standard CL expression (see equation 2.6). The associated log- 
likelihood function in equation 2.8 would then become: 
log L(O) =2Y,,; " log(P,,; " ;r+ 2i " 
(1- )r)) y'd . log f, (3.9) 
n=I Vj Cý /I=I VjCC, 
The adjustment of the likelihood function in equation 2.8, based on equations 3.1 to 
3.5, defines what is termed the UPMR logit. The parameter set for the UPMR model 
is: 
E) = (3.10) 
where 
2,, ) (3.11) 
For prior distribution of ß, the special case of the conjugate prior (for the standard 
CL) in Koop and Poirier (1993) was used. Moreover, this prior distribution can be 
made non-informative if its hyper-parameter is chosen to be a small number. Also, 
recall from the discussion of the utility expression (equation 2.2) in section 2.5.1 
above that the vectors ß and X can be extended to accommodate interactions between 
alternative-specific attributes and individual-specific variables. The priors for the 
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other parameters (r and A) are, herein, taken to be uniform over the interval (0,1). 
These uniform priors are taken to be non-informative in the current context. Other 
priors are possible of course, but are not explored here. 
Given Y the lxN vector of observed choices, the posterior distribution f (O I Y) for 
the UPMR logit is therefore proportional to h(® I Y): 
f(OI Y)ah(OI Y)=L(O)" fß(flI r, X)" fA(A)" f, (; r) (3.12) 
where X is the 2xN matrix of choice attribute levels, and r the hyper-parameter of the 
prior distribution of ß. The first two components on the right hand side of the 
equation are the posterior of the standard CL. With the introduction of the second two 
components; the uniform and non-informative priors for A and r, respectively, the 
priors are simulated using a M-H algorithm (Chib and Greenberg, 1995). 
In the simple binomial choice case, the UPMR logit is similar to the CPMR logit 
which is introduced in Hausman et al. (1998), also used in Caudill and Mixon (2005). 
The CPMR logit specification, in the binomial case, has two parameters: 7r, 12, the 
probability of mis-classifying choice 1 as choice 2, and the probability of the counter- 
case, n21l. In contrast, the UPMR logit yields an unconditional probability of mis- 
reporting, 7r, and then a `directional' set of mis-reporting probabilities, A. Though the 
CPMR can be generalised beyond the binomial case, it rapidly increases the number 
of required parameters, whereby a multinomial logit with J alternatives will require 
J(J-1) (non-redundant) conditional probabilities to be specified. The UPMR approach 
outlined in this paper extends more naturally into the multinomial choice case, with 
each additional choice requiring the addition of one further parameter, since it 
requires the specification of J non-redundant probabilities. 
Ramalho (2002) sets out the generalised conditions for identification of the extended 
CPMR logit. The UPMR logit also requires identification conditions. Clearly, if is 
equals 1 in the UPMR model (i. e. there is no mis-reporting), then the parameters in A 
will not be identified. On the other hand, if 7r equals 0, then the coefficients /3 in the 
logit will not be identified. Using Classical estimation and inference, this can create 
acute problems. Estimation can be difficult, and Likelihood Ratio (LR) tests become 
invalid. However, the motivation for using Bayesian methods is partly because non- 
identification creates fewer problems within a Bayesian framework (Bauwens et al., 
1999), and issues regarding testing will be discussed in Chapter 5. 
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A few points are worth noting with regard to the UPMR logit specification. These 
relate to the nature of CE/CM studies. In many survey designs, there is nothing 
`intrinsic' about the options in a choice set (such as branding effects), and no 
consistent ordering of the options as they are offered to respondents. Importantly, this 
does not undermine the rationale for employing the UPMR and CPMR logit models 
for the following reasons: 
9 The UPMR and CPMR logit models nest the standard CL (which sets 7r =1 in the 
UPMR logit, or Jr12 = 7r2a = 0, as in the CPMR logit). However, these models do 
not require that people mis-report, or imply that people will have a tendency to 
mis-report in any particular direction. For example, if A, = 22 ... = 
2j, then mis- 
reporting is equally probable over each of the alternatives. If some proportion of 
respondents just randomly selected an option within their choice sets, then this 
will be reflected in equal values of the Aj parameters. 
" It is possible that something as simple as the sequence in which the options are 
presented to the respondent will determine the direction of their mis-reporting. 
However, it is not this ordering of the options that (probably) matters. Pre- 
estimation reordering of options can be performed to give meaning to the 
sequence. Some survey designs do assign an intrinsic quality to some of the 
options, and also an ordering. For example, it is common practice in many CM 
studies to include a common status quo option as the first option. It is also 
common practice that options in choice cards other than status quo be `labelled'. 
These `labels' are usually accounted for with alternative-specific constants 
(ASCs) that capture any effect intrinsic to the option rather than defined 
generically with attribute levels. The CE presented here is an example, whereby 
the options are ordered following an intrinsic quality (Standard vs. No Pesticides) 
that is captured by the No Pesticides dummy variable. However, from an 
estimation point of view, there is nothing that requires a common status quo or 
other labelled options to come first or appear at a consistent point in the option- 
ordering within each choice set. The reason for that is that options can be 
reordered prior to estimation, so as to make the common option always appear as 
the j'h option. 
" The mis-reporting framework does not require that there be common options (e. g. 
the status quo) appearing in all choice sets. If respondents identify elements in 
108 
some of the options that make them predisposed to mis-report in favour of it, then 
if pre-estimation re-ordering of the options reflects that ordering, the model will 
identify mis-reporting and the direction of that mis-reporting. For example, if 
respondents tend to mis-report in favour of the option with the lowest/highest 
payment, then if pre-estimation re-ordering of options was done according the 
level of payment option, then the direction of mis-reporting would be identified. 
Another example is in studies where one or more of the attributes is 
environmental. In such cases, mis-reporting may be in favour of the option which 
has the best/worst environmental outcome. It is in these circumstances that 
upwardly/downwardly biased estimates of WTP will arise. An appropriate pre- 
estimation re-ordering of the options according to the environmental outcome 
would enable the framework above to identify the existence and direction of mis- 
reporting. 
" Pre-estimation re-ordering may be done in multiple ways. Indeed, multiple 
estimations with multiple re-orderings may be a useful way to test the robustness 
of the results. 
" Finally, a reminder: mis-reporting models are not advocated as an alternative to 
experimental designs which aim to identify uncertain choices or, through the use 
of multiple choice sets, aim to identify inconsistent choices. It is suggested that 
they are complementary tools, to be employed in conjunction with innovative 
survey design. 
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CHAPTER 4- METHODOLOGY OF THE MULTIDIMENSIONAL 
CHOICE EXPERIMENT 
The survey presented in this chapter primarily tests the process-based pesticide 
valuation scenario, as proposed in the Introduction. In this scenario, an attempt is 
made to present respondents with concise and balanced information on the impacts of 
pesticide use and reduction, and the substantial uncertainties associated with 
predicting these impacts. Hence, rather than being asked to value beneficial 
improvements to the environment and human health as a result of reduced pesticide 
usage, respondents are asked to value nationwide reductions in insecticide, herbicide 
and fungicide use. Further, it is hoped that respondents would reflect the information 
provided them in their stated values. For example, where respondents are informed 
that insecticides pose a larger threat to farmland bird species than fungicides, a 
requirement to validate the process-based approach would be that WTP for 
insecticide reduction be larger than WTP for fungicide reduction. Unfortunately, this 
did not turn out to be the case, for reasons that will be suggested later. Broadly 
speaking, this probably testifies to the following problem: that the process-based 
approach to valuation is indeed problematic in its cognitive difficulty to respondents, 
which makes it a fertile ground for yea-saying. Flaws in the survey design seemed to 
have compounded this problem. To address these problems, the study proposes the 
use of segmentation analysis, employing the latent class model (LCM), as a means to 
investigate the extent of yea-saying by associating it with segments with anomalous 
parameter signs, particularly those pertaining to the payment parameter. The 
rudiments of a method to detect and cull yea-sayers is proposed. 
This survey has a more complex and multidimensional design than the MORI choice 
exercise. Respondents had to answer two CE exercises in an attempt to disentangle 
WTP for environmental safety from WTP for food safety. The first CE used bread as 
a payment vehicle to emphasize pesticide use in cereal production and its alleged 
impacts on farmland birds. The second CE used fruits and vegetables to emphasize 
pesticide usage in horticultural production and the resulting pesticide residues in fresh 
produce. Both CEs attempted to disentangle preferences for the three broad pesticide 
classes: insecticides, fungicides and herbicides. This is done by including the 
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nationwide reduction in each class as an attribute in the survey design. This said, the 
initial framework in which an `impact reduction' CE would be combined with a 
PHERA exercise to convert impacts' values to the pesticide product will be outlined. 
In addition, reasons why this framework was abandoned in favour of the `pesticide 
reduction' valuation framework will be detailed. 
4.1.1. The Initial Methodological Approach: Combining CE and PHERA 
As initially conceived, the initial thrust in this project was to integrate CE and 
PHERA. Marginal societal values of damage abatement obtained in the first method 
would be transmitted to the pesticide product using the second method. This would be 
desirable from a policy point of view, as this value transmission would help design 
instruments, most notably (differentiated) ad valorem pesticide taxes, which would 
mitigate the pesticide problem at the source. This will also articulate concerns in the 
literature over the credibility of many quantitative pesticide risk valuation studies. 
Travisi et al. (2006) argue that only when pesticide risk (i. e. impacts; see section 
2.1.2) assessments are available with tolerable levels of uncertainty, quantitative 
valuation of these risks might be performed. 
Ideally, lay people would feel much more at ease with valuing abatement of pesticide 
damage, rather than processing information on pesticide reduction into damage 
abatement. In other words, it would be much easier to ask lay respondents to directly 
value effects than to have them convert causes into effects before valuing them. This 
is normal in view of the public's general ignorance of pesticide impacts, despite their 
concern about pesticide applications as such. Lacking the necessary knowledge, 
respondents are more likely to resort to choice heuristics than rational trade-offs with 
monetary and other environmental attributes in a pesticide reduction setting. It turned 
out that behind this appealing framework stood innumerable obstacles to 
implementation. In the end, this framework had to be abandoned in favour of a 
simpler alternative. The following is a sketch of the combined CE and PHERA 
approach. 
PREDICTING STATUS QUO RISKS OF NATIONWIDE PESTICIDE USAGE USING PHERA 
The PHERA exercise tries to estimate the current national status of the environment. 
The estimates are in the form of risks blamed on pesticide usage posed to a variety of 
environmental dimensions, and also the human population in terms of health risks 
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(mainly acute dietary risks). Needless to say, the environmental dimensions in 
question have to be translated into a profile of attributes and attribute levels that 
would fit into the CE, prior to the PHERA exercise. For that, the methodology to be 
followed is outlined as follows: 
1) In the exposure assessments, a prototype terrestrial and aquatic exposure 
concentration distribution (ECD) will be derived from UK pesticide usage 
surveys described and discussed in Thomas (2001). These surveys are carried 
out by the Central Science Laboratory (CSL) for a range of cropping systems, 
such as arable crops (Garthwaite et al., 2002), orchards and fruit stores 
(Garthwaite et al., 2000) and outdoor vegetable crops (Garthwaite et al., 
1999). A set of assumptions and models would define the conversion from a 
distribution of field rates (Kg a. i. /ha) obtained from surveys, to the estimated 
distributions of aquatic ECs and the prototype terrestrial ECs expressed in 
standardised units. The main assumptions relate to the following: 
9 Cumulation. It can be safely assumed that the joint action of mixtures of 
pesticides of the same mode of action is governed by the concept of 
`concentration addition' (Deener, 2000). According to this assumption, 
these pesticides act independently in such a way that their effects, 
measured for this purpose in standardised `toxic units' (TUs) or `toxic 
equivalents' (TEs) (Boon and van Klaveren, 2003), add up. 
" ECD model estimation. The main source of variability and uncertainty in 
the ECD model is spatial. Different pesticides are independently spatially 
distributed. These geographical or other types of disparities can be 
accounted for in the final ECD using resampling bootstrapping techniques 
as done by Burmaster and Thompson (1997) and Boon and van Klaveren 
(2003). 
In the aquatic dimension, this will complete the ECD estimation that is now 
expressed in TU/L. On the other hand, the resulting prototype terrestrial ECD 
(TU/ha) will be further tailored to the different environmental dimensions 
studied, to become expressed in standardised body dosages (TU/Kg of body 
weight). Thus the choice of environmental dimensions to be included will 
depend on both data availability, relevance to the CE exercise and the concern 
of the UK public. Once these dimensions are selected (including human), the 
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ECD for each will be derived using exposure factors such as assumptions of 
body weight distributions and food/feed intake rates. These exposure factors 
are described at length in the context of both human (ECETOC, 2001; Boon 
and van Kiaveren, 2003) and environmental (Tiebout and Brugger, 1995) 
probabilistic risk assessments. 
2) In the hazard assessments, species sensitivity distributions (SSDs) will be 
defined for each dimension, based on available pesticide toxicity databases. 
Indeed such databases are available for humans (Thompson et al., 1992), birds 
and mammals (Luttik and Aldenberg, 1995) and aquatic organisms (Vaal et 
al., 1997). The SSD method is a well-established component of probabilistic 
risk assessment (Posthuma et al., 2001). 
3) SSDs and ECDs will be combined for each dimension, and the resulting 
dimensional risk quotient distributions (RQDs) will be characterised with 
confidence intervals representing uncertainty. The different approaches 
(parametric and resampling) to the problem have been discussed in section 
2.1.2. It is worth emphasizing again that in the case in hand, setting 
environmental protection levels is not the aim, as the median would be more 
interesting than worst-case 95`h-percentile estimates of the SSD and ECD. Not 
using any precautionary principle, it is these median values that will be 
combined to derive a median RQD which will be the focus of this economic 
analysis. In other word, uncertainty is here accounted for, out of concern for 
statistical credibility, only to derive realistic 90% confidence intervals, and not 
for conservative environmental protection goals. 
THE COMBINED CE AND PHERA APPROACH 
Once the UK status quo risk levels posed to each environmental dimension and 
corresponding to 0% risk abatement have been determined, the following task would 
be to work the problem backwards. For the different hypothetical dimensional risk 
abatement levels included in the CE attributes and levels profile, the steps taken in the 
status quo determination will be carried out in reverse order. This way the 
hypothetical UK pesticide reductions, as well as their associated 90% confidence 
intervals, will be matched. It is possible then to fit for each dimension, as well as for 
the environment viewed as an aggregate of these dimensions, a risk abatement 
function. 
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On the other hand, a Hicksian demand function depicting marginal WTP for 
increasing risk abatement levels in each environmental dimension will be fitted as 
well. It will be constructed from the marginal WTP values derived from the CE 
exercise. Again, 90% confidence intervals will be determined for this function. 
Finally, the two functions will be combined to derive a Hicksian demand function 
depicting marginal WTP for unit reduction in pesticide usage. The demand curve is 
upward sloping since it illustrates demand for a `bad' (polluting pesticide 
applications) rather than a `good'. Indeed increasing amounts of pesticide 
applications correspond to decreasing levels of risk abatement, the actual 
environmental good to be valued. 
4.1.2. Difficulties in the implementation of the combined approach 
Further development and implementation of the combined CE and PHERA approach 
was deemed unfeasible and was dropped in favour of a simpler approach. However, it 
is worth noting that at least one study, rooted in the same conceptual framework, has 
been attempted with some success by Fraser and Stevens (2005). In brief, "the study 
combines scientific and economic information allowing [the researchers] to examine 
the benefit-cost implications of agricultural land retirement as a means to reverse 
biological diversity decline as a result of nitrogen deposition. " More specifically, a 
hypothetical case study area is first characterised where the level of local nitrogen 
emissions, and the necessary changes in regional land use to yield the desired 
nitrogen reductions, are calculated. What is meant by `desired' is the level necessary 
to increase biological diversity by one `floral grassland species', estimated at 2.5 Kg 
per hectare per annum by Stevens et al. (2004). This makes possible the estimation of 
the expected loss in farm income arising from the necessary changes in land use. 
Third, the potential monetary benefits which society attaches to the hypothetical 
increase in biological diversity are identified by examining the relevant non-market 
valuation literature. Finally, all these data are pooled together in a cost-benefit 
analysis (CBA) to see under what conditions agricultural land retirement is 
economically meaningful. 
It is clear that in this context, implementing a combined approach similar to the one 
proposed above was made possible by meeting two assumptions. The first is that only 
one farming activity acts as the source of pollution (agricultural grazing), and from it 
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nitrogen emissions are assumed to be constant. The second is that only one study area 
acts as the sink for nitrogen deposition (site of specific scientific interest (SSSI)). 
Using a screening assessment model - SCAIL - and given these two assumptions, the 
number of hectares of agricultural land that need to be taken out of production to 
achieve the required reduction in nitrogen deposition can be estimated. As to the 
public values for increasing biological diversity, these are based on the non-market 
valuation (both CV and CM) literature and do account for the variability in the 
estimates. Finally, these values are restricted to grassland flora. 
The account of the above study sheds some light on the scope and necessary 
conditions under which a combined approach becomes feasible. The study by Fraser 
and Stevens applies, among others, to a regional and more or less homogeneous type 
of ecosystem and farming activity, i. e. a single source of pollution with constant 
emissions, and a single type of endpoint. Neither the scope nor any of these 
conditions is met when it comes to implementing the combined CE and PHERA 
approach proposed earlier. Indeed a far more complex and multidimensional context 
applies to the case in hand. On the one hand, the (non-point) source of pesticide 
pollution is a national and heterogeneous aggregate of ecosystems (e. g. aquatic, 
terrestrial, human etc. ) and farming activities (e. g. arable, horticultural). Also, 
pesticide pollutants often have completely unrelated modes of action and toxicity 
(e. g. herbicides, insecticides). On the other hand, multiple endpoints need to be 
assessed in order to represent the wide range of affected spheres (e. g. farmland bird 
species, fish species). Attempts to carry out such nationwide risk assessment 
exercises are nonexistent to the best of our knowledge, and indeed unfeasible given 
the current data and knowledge on pesticide applications and damage (Siriwardena et 
al., 2000). Retrospectively, it should be acknowledged that the pursuit of this line of 
investigation was over-ambitious. A simpler alternative approach is adopted, and will 
be described in the next section. 
4.1.3. The alternative framework and its implications to survey design 
As in the larger-scale MORI survey, food purchasing was assumed to be the main 
conduit for WTP for reduced or no pesticide usage. Therefore, it seems appropriate to 
use the price of a `Green' food product or basket of products as payment vehicles. 
These payment vehicles have to be a link in the tree of events starting from the 
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multiple impacts of pesticides on the environmental and human safety, and ending in 
the act of paying a premium for reduced pesticide usage, in order to motivate 
respondents to state meaningful WTPs. On the other hand, respondents need to be 
informed about the current knowledge of potential pesticide risks and impacts, as 
recommended by Travisi et al. (2006). 
To the best of our knowledge, such process-based approaches to the valuation of 
different levels of pesticide reduction are rare in the literature. One exception is 
Roosen et a!. (1998), whose study has been previously reviewed. Again, this study 
values consumers' WTP for apples produced under two different production 
strategies. In the first, the use of one toxic insecticide (azinphos-methyl) is 
eliminated, while in the second, the use of the whole insecticide class that includes 
azinphos-methyl, and that might be used as a substitute for this latter, is eliminated. 
Though this study doesn't estimate marginal WTP for reduced levels of pesticide use 
as such, it does value different levels of pesticide restrictions, where two types of 
apple production differ basically in terms of how many pesticides are not used (single 
vs. whole group). Interestingly, where information on the substitution possibility 
between different members of this group is missing, respondents value restrictions on 
Azinphos-methyl and on the more inclusive group to which it belongs by the same 
amount. Hence information on substitution possibilities between the members of this 
groups needed to be provided in order to obtain a WTP for restrictions on the 
inclusive group that are higher than that for the single pesticide Azinphos-methyl. 
This highlights the fact that in such an approach, there is an additional requirement 
for information provision, besides the nature of their neurotoxic effects, in order to 
obtain WTP values that conform to economic theory. In outcome-based approaches 
such as in Mourato et al. (2000), Foster and Mourato (1997) and Travisi and Nijkamp 
(2004), such an additional information component is not present, since attributes are 
already selected so as to be of direct concern to respondents, and hence respondents 
are expected to be more familiar with them and more capable of trading them off 
against other attributes and against money. 
Most valuation studies that value pesticide reduction do so in the framework of eco- 
labelling (Misra et al., 1991; Govindasamy and Italia, 1998; Loureiro et al., 2002; 
Magnusson and Cranfield, 2005), where the good that is being valued is discrete, that 
is; the information to the effect that the food being purchased is produced under a 
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technology that uses reduced or no pesticides, as packaged in a label or a certificate. 
Hence it is not possible to gauge from these studies the marginal value of pesticide 
reduction. 
In view of the literature, no single vehicle would appropriately capture both the 
documented food safety and environmental safety effects known to occur in food 
production, as is illustrated by the following: 
" Bread, for example, is almost solely relevant to environmental effects. Indeed the 
extensive application of pesticides in large-scale arable lands has been established 
as one of the reasons behind the decline of farmland bird species (Siriwardena et 
al., 1998; Boatman et al., 2004; Newton, 2004). However, bread and cereal 
production are less of an issue, compared to fruits and vegetable production, when 
it comes to potential pesticide safety threats posed by residues in food. 
" Fruits and vegetables are more relevant to food safety issues, in the form of 
pesticide residues (PRC, 2004), due to the intensive nature of pesticide 
applications in horticultural crops. On the other hand, the environmental effects of 
these latter are negligible compared to arable crops, since they are carried out over 
much smaller surface areas (Garthwaite et al., 1999; Garthwaite et al., 2000; 
Garthwaite et al., 2002). On the other hand, studies of the potential pesticide 
impacts on biodiversity in horticultural crops remain predictive (Crane et al., 
2003), compared, for example, with the established correlation between decline in 
farmland birds in arable crops and pesticide use. Note that Crane et al. recognise 
that when existing pesticide concentrations in UK surface waters are considered, 
risks to a range of organisms are way lower than concentrations based on 
predictive spray drift models. 
The solution was to include two CE exercises in the survey, each with its relevant and 
distinct payment vehicle. The first deals with `Environmental Safety' in which the 
price of an 800g sliced loaf of white bread is the payment vehicle. The second deals 
with `Food Safety' and has the cost of a weekly basket of fruits and vegetables as its 
payment vehicle. 
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Table 4.1 Attributes and attribute levels for the `Environmental Safety' experiment 
Attribute Type of bread loaf Levels 
Payment Price of a loaf in £ Standard (A) £ 0.50 per loaf 
Green (B) F. 0.60 per loaf 
£ 0.75 per loaf 
£ 0.95 per loaf 
No Pesticides (C) £ 0.85 per loaf 
£ 1.05 per loaf 
£ 1.35 per loaf 
Insecticide Proportion reduction in the usage of Standard (A) 0.00 
insecticide active ingredients in the 
UK arable production Green (B) 0.20 
0.50 
0.80 
No Pesticides (C) 1.00 
Herbicide Proportion reduction in the usage of Standard 0.00 
herbicide active ingredients in the 
UK arable production Green (B) 0.20 
0.50 
0.80 
No Pesticides (C) 1.00 
Fungicide Proportion reduction in the usage of Standard (A) 0.00 
fungicide active ingredients in the 
UK arable production Green (B) 0.20 
0.50 
0.80 
No Pesticides (C) 1.00 
Green ASC accounting for `Green' options 1 if type is `Green' 
0 otherwise 
4.1.4. The Survey Design 
ATTRIBUTES, ATTRIBUTE LEVELS AND INDIVIDUAL-SPECIFIC VARIABLES 
The two CEs - `Environmental Safety' and `Food Safety' - were designed 
analogously, as can be seen from Table 4.1 above and Table 4.2 below. The payment 
vehicle for the first CE was the price of a standard 800g sliced loaf of white bread, 
processed solely from home-grown wheat. In the second, the vehicle was the weekly 
cost of a household basket of home-grown fresh fruits and vegetables. In the CEs, 
respondents were presented with three choice cards or choice sets, each consisting of 
three hypothetical loaves/baskets. These are produced under one of three different 
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Table 4.2 Attributes and attribute levels for the `Food Safety' experiment 
Attribute 
Type of fresh fruit & 
vegetable basket 
Levels 
Payment Weekly cost of a household basket Standard (A) £ 6.00 per week 
of fresh fruits and vegetables 
Green (B) £ 6.50 per week 
£ 7.50 per week 
£ 9.50 per week 
No Pesticides (C) £ 8.50 per week 
£ 10.50 per week 
£ 13.00 per week 
Insecticide Proportion reduction in the usage of 
" Standard (A) 0.00 
insecticide active ingredients in the 
UK horticultural production Green (B) 0.20 
0.50 
0.80 
No Pesticides (C) 1.00 
Herbicide Proportion reduction in the usage of Standard 0.00 
herbicide active ingredients in the 
UK horticultural production Green (B) 0.20 
0.50 
0.80 
No Pesticides (C) 1.00 
Fungicide Proportion reduction in the usage of Standard (D) 0.00 
fungicide active ingredients in the 
UK horticultural production Green (B) 0.20 
0.50 
0.80 
No Pesticides (C) 1.00 
Green ASC accounting for `Green' options 1 if type is `Green' 
0 otherwise 
hypothetical governmental agro-environmental policies targeting pesticide usage in 
British arable/horticultural production, namely: 
" Policy A: current farming practices and national levels of pesticide usage 
" Policy B: green policy, the result of which less pesticides are used nationwide 
" Policy C: nationwide ban on pesticide use 
Therefore, in each choice card, the three types of loaf/basket produced under policy 
options A, B and C, were labelled respectively as Standard, Green and No Pesticides 
alternatives. It was thought that such alternatives would approximate fairly well the 
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potential products in the market, as they span the range of possibilities from 
conventionally produced food products to organic products that have now become 
established in the food market. In both choice experiments, three additional attributes 
representing nationwide insecticide, fungicide and herbicide percent reductions in 
application levels described each of the options. The attribute and payment level 
combinations jointly describing each loaf or basket were constrained by the type of 
agro-environmental policy under which they were produced. The Standard and No 
Pesticides options are produced in 0% and 100% pesticide reduction levels, and had 
the lowest and highest payment levels in the choice scenarios, respectively. The 
payment levels in both choice experiments were chosen to be typical of the current 
bread prices and weekly expenditures on fresh fruits and vegetables in the UK. The 
levels describing the price of the Standard loaf was selected following an online 
review of price ranges as advertised online for the main UK grocers. These grocers 
were ASDA, TESCO, Morrisons and Sainsbury's. Where prices could not be found 
online, a visit was made to the nearest grocery store. Prices were checked for both in- 
store and premium brands. The same applies for the No Pesticides loaves, which price 
range matched more or less that of the typical organic loaves. Finally, the prices of 
the Green options were chosen to cover the range in between, so as always to be more 
expensive than Standard options and on average cheaper than No Pesticides options, 
overlapping only in one instance. As to the fruit and vegetable basket, the level of 
price of the Standard basket was based on the 2002-2003 national average weekly 
expenditure on fresh fruits and vegetables in the UK, following a governmental report 
by the Office for National Statistics (ONS, 2004). Note, however, that while the real 
average weekly expenditure indicated in the report is £5.40 per week, the value of £6 
per week was preferred. Being a whole number, this value was thought to make 
choice tasks easier for respondents while remaining typical of the status quo. Then 
the price levels of both the Green and the No Pesticides baskets were chosen to cover 
realistic ranges, and this was subsequently confirmed by focus group and pilot 
participants when asked whether they thought the prices were reasonable. However, 
unlike bread, it was difficult to determine whether these price levels are truly accurate 
and representative of market possibilities. Indeed, in the similar case where 
consumers buy organic products, they are likely to buy mixtures of organic and non- 
organic items. Hence the purchase of a weekly basket of homogenous products 
hypothesized in the food basket scenarios may have been an overly simplistic 
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representation of real-life purchasing situations. On the other hand, presenting 
respondents with scenarios in which each option is a mixture of conventional, 
reduced and no pesticide use would have over-complicated the design of the survey, 
with costs far outweighing the benefits. Therefore, with these caveats in mind, the 
choice scenarios were kept simple, with all the items in one option produced 
exclusively under either `Standard', `Green' or `No Pesticides' conditions. With the 
assumption that the food basket purchased would be homogenous in terms of 
pesticide use reduction, the vector of payments was determined so as to have a 
maximum level larger than the level for the `Standard' option in the same proportion 
as for bread in the `Environmental Safety' experiment. This said, it could be argued 
that a sounder approach would have used the weekly expenditure on fresh fruits and 
vegetables by committed organic food shoppers as a more accurate indicator of the 
cost of the `No Pesticides' option. This is a limitation of the survey design that will be 
discussed later. 
As can be seen in Table 4.1 and Table 4.2, the attributes and levels set was focused 
solely on pesticide reduction attributes, and ignored other aspects that are involved in 
food purchasing decisions. However, one may safely assume a strong, probably the 
strongest, determinant of food purchasing decisions is the quality of the product. 
Moreover, it is well-known that an important role of pesticide use, besides damage 
control, is to ensure that products meet cosmetic quality standards that will make 
them appealing to consumers (Babcock et al., 1992). This is especially the case with 
fruits and vegetables in the `Food Safety' experiment, where pesticides are in large 
part used to enhance the aesthetic attributes of the product. Though a statement was 
included in the background text introducing the `Food Safety' choice exercise as a 
substitute reminder (Arrow et al., 1993), product quality was not explicitly accounted 
for as an attribute in the choice cards. Hence the trade-offs between pesticide 
reductions attributes on the one hand, and food quality on the other, could not be 
measured. Also, where the food quality aspect was addressed in the background text 
of the `Food Safety' experiment, this was in its relation to pesticide use. However, 
quality is a much broader issue than aesthetic appearance as controlled by pesticide 
use. It would have been beneficial to treat this issue as an autonomous attribute both 
with bread and fruits and vegetables, to make sure that attributes describing the 
payment vehicle are exhaustive. Other attributes that would have also been worth 
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Table 4.3 Socioeconomic, behavioural and attitudinal variables 
Variable Description 
Female Dummy variable which takes the value of `1' if the respondent is a female, and 
`0' if a male 
Income Respondent's household income before tax (£ / year) 
Environment Dummy variable which takes the value of `1' if the effects of pesticides on the 
environment is the main aspect relating to food that affected the respondent's 
choices, and `0' otherwise 
Food safety Dummy variable which takes the value of `1' if the effects of pesticide residues 
on the food safety is the main aspect relating to food that affected the 
respondent's choices, and `0' otherwise 
Age Respondent's age (years) 
Couple Dummy variable which take the value of `1' if the respondent is married or lives 
with a partner, and `0' otherwise 
Dependents Dummy variable which take the value of `1' if the respondent's household has 
dependents, and `0' otherwise 
Int. Education Dummy variable which take the value of `1' if the respondent holds an A-level 
or college qualification, and `0' otherwise 
High Education Dummy variable which take the value of `1' if the respondent holds a university 
degree, and `0' otherwise 
Occasional organic Dummy variable which take the value of `1' if the respondent buys organic or 
green products more than once a month but less than once a week, and `0' 
otherwise 
Frequent Organic Dummy variable which take the value of `1' if the respondent buys organic or 
green products at least once a week, and `0' otherwise 
Labour Dummy variable which take the value of `1' if the respondent's highest affinity 
is with the Labour Party, and `0' otherwise 
Conservative Dummy variable which take the value of `1' if the respondent's highest affinity 
is with the Conservative Party, and `0' otherwise 
Liberal Democrat Dummy variable which take the value of `1' if the respondent's highest affinity 
is with the Liberal Democratic Party, and `0' otherwise 
Global warming Dummy variable which take the value of `1' if the respondent thinks that the 
impacts of pesticides less important than global warming, and `0' otherwise 
exploring, at least in focus groups, are aspects in food production and processing that 
would compete with pesticide use for consumer concerns. Examples are the presence 
of GMOs in food, the use of fertilisers or food-borne diseases. 
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Data on individual-specific (i. e. socioeconomic, behavioural and attitudinal) 
characteristics were collected. A list of these variables which were used in model 
estimation is presented in Table 4.3 above. A full account of these variables and their 
levels can be found in the attached questionnaire sample in Appendix I. However, for 
the purpose of analysis, some attributes were left out of the analysis, while others 
were reduced to a manageable set of variables. For that, a correlation matrix for the 
original vector of variables was constructed in order to assist in data reduction. 
CONSTRUCTION OF ALTERNATIVES AND CHOICE SETS 
Once the attributes and attribute levels were selected for each experiment, the 
alternatives and choice sets were then constructed. Again, analogous procedures were 
used for both experiments. A `main effects' orthogonal design was adopted (Green, 
1973; Green, 1974; Louviere et al., 2000), and SPSS 12 was used to construct Green 
alternatives first. Given four attributes with three levels each, a complete factorial set 
of combinations would have yielded a profile of 34 = 81 alternatives, while a `main 
effects' fractional factorial design conveniently reduces this number to 27 
alternatives, albeit at the cost of excluding interaction effects. 
Next, a `full factorial' design for the No Pesticides options is generated. Since No 
Pesticides alternative has 3 levels for the payment attribute while its pesticide 
reduction attributes have their levels fixed at 1.00, the full factorial design would 
hence yield 3xlx1x1 =3 alternatives. This profile was replicated nine times, so as to 
yield 27 alternatives, in order to match the number of Green alternatives. Choice sets 
were then constructed by quasi-randomly combining together alternatives from these 
two profiles together, along with the Standard option. Standard options represent the 
status quo and have fixed attribute and payment levels, and therefore do not increase 
the complexity of choice set construction. No Pesticides options, on the other hand, 
have variable payment levels. In an effort to balance the design, care was taken to 
match each set of nine Green options having the same payment level with three 
instances of each No Pesticides payment level. For example, in the `Environmental 
Safety' experiment, from the nine £0.60 Green alternatives, three were randomly 
chosen and combined with £0.85 No Pesticides alternatives, another three were 
combined with £1.05 No Pesticides alternatives, and the remaining three were 
combined with £1.35 No Pesticides alternatives. But this inevitably results in cases of 
dominance problem. Three of the 27 choice sets contain a £0.95/loaf or £9.50/week 
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Green alternative and a 0.85£/loaf or 8.50£/week No Pesticides alternative. Such 
choice sets were eliminated from the design profiles of both experiments. 
In the end, two profiles of 24 choice cards were used in the design of the survey 
questionnaire. These sets were grouped in blocks of three choice cards numbered 1 to 
8 in both exercises. The questionnaire therefore had eight versions, and each version 
included the `Environmental Safety' and the `Food Safety' blocks which were 
numbered equally. The full experimental designs for the `Environmental Safety' and 
`Food Safety' experiments can be found in Appendix III. 
THE QUESTIONNAIRE DESIGN 
The survey instrument was designed so as to be administered by post. A big effort 
was spent in attaining a balance between providing parsimonious information on the 
one hand, and conveying this information as clearly as possible on the other. This task 
proved to be the most difficult to perform, in view of the wealth of data on pesticide 
environmental and health impacts that could be used to qualify choice cards. A full 
questionnaire version can be viewed in Appendix I, and is here outlined: 
" Section A: the aims of the survey were presented, and the 2-section questionnaire 
format clarified. Respondents were assured about the anonymity of their 
responses. Finally, they were asked two questions to test their basic knowledge on 
pesticides 
" Section B: socioeconomic, attitudinal and behavioural data on respondents were 
collected 
" Section C: some brief definitions of pesticide classes as well as their main uses 
were provided 
" Section D: respondents were instructed on how to answer the survey. To illustrate, 
an example of a choice card and how to answer it was given 
" Section E: the background information for the `Environmental Safety' exercise 
was provided. The potential impacts of insecticide, herbicide and fungicide use in 
cereal and bread production on the environment, namely farmland bird 
populations (contributing to their decline), were sketched. This information was 
balanced against the claimed benefits to farmers and food security from pesticide 
use. Then the hypothetical problem of purchasing either of the Standard, Green or 
No Pesticides bread loaves was defined. In the end, respondents were asked to 
answer the `Environmental Safety' choice cards 
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" Section F: similar to E, only this time in the context of `Food Safety', fruits and 
vegetables and pesticide residues 
" Section G: after filling the choice cards, respondents were invited to comment on 
whether the survey was easy and the information useful. Also, they were asked to 
state their main concerns while making choices, and their opinion on pesticide 
reduction issues. 
As an incentive to fill in and return questionnaires, recipients were informed that 
doing so would qualify them for a prize draw in which 10 respondents would win £20 
worth of Marks & Spencer gift vouchers each, in addition to one grand prize worth 
£100 of gift vouchers. Recipients were also reminded that summary results from the 
analysis of survey data will be published on a website 
(http: //www. geocities. com/ali_chalak/Pesticide_Survey_Results) that was designed 
solely for this purpose. They were also assured that several papers arising from the 
survey data analysis will be submitted to academic journals, and that this type of 
research is likely to influence environmental policies in a way to accommodate their 
concerns. 
FOCUS GROUPS 
A first draft of the survey was presented to two focus groups composed each of five 
individuals, in the beginning of July 2005. The interviewees were selected from, and 
interviewed in, Wye, Kent. The interviewees were offered a monetary incentive of 
£10 to participate. Care was taken to include an equal number of males and females in 
the two groups taken together. Also, each group contained at least one self-employed, 
one employed and one student interviewee. Respondents' ages were chosen so as to 
cover a fair cross-section of the population aged 18 and above. A moderator first 
welcomed the interviewees, and presented the aims of the focus group, then invited 
the interviewees in each group to answer the questionnaires handed to them. Upon 
completion, the moderator then went through a semi-structured interview guide (see 
Appendix II) that aimed to discuss, section by section, the survey design. In general, 
interviewees were asked whether the guidelines on how to answer choice cards, the 
definitions and the scientific background were both clear and useful. They were also 
asked whether the choice cards themselves were complicated to answer, and whether 
the payment and attributes, as well as their levels, made sense to them. Finally, 
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interviewees were asked to suggest changes that in their opinion would improve the 
survey. 
It is worth mentioning that these focus groups only asked respondents to assess the 
survey implement. It did not prompt them to discuss `themes' pertaining to pesticide 
use and food purchasing in general, which would then help in narrowing down 
consumers' concerns over pesticide use in food production and translate them into 
attributes, and then design the survey. The latter case, which is more open-ended, is 
what would be traditionally practised in focus groups. However, the main reason for 
using focus groups to test the survey implement rather than design it as in the 
traditional sense, was because the choice of attributes was deemed obvious, i. e. 
pesticide reductions. Hence it was thought that it would be an efficient approach to 
refine the attributes' presentation and the survey design simultaneously. Nevertheless, 
it can be argued in retrospect that participants were relatively lax in their discussions 
of the survey implement. As they were mainly asked to explain whether or not the 
attribute and background information made sense to them, there is a chance that they 
would have been permissive in their answers, and adopted a relatively uncritical 
attitude in their deliberations. From observing the focus groups, this did not seem to 
be the case, since respondents seemed to be engaged in the discussions. But one 
crucial factor is the context itself in which the focus groups took place. Indeed 
respondents might have been led to focus solely on pesticide reductions in food rather 
than start from the wider picture and discuss how important pesticide reductions 
were, and how they compared with other characteristics of food products such as 
aesthetic quality in determining their purchasing decisions. This is a weakness of the 
focus groups, and probably had bearings on the credibility of the choice scenarios. 
Bearing in mind these strong caveats, the main message that came out of the focus 
groups was positive on the whole. In general, focus group participants thought that 
the context and background scientific information around the choice problem was 
clear, though they preferred to see this information in bullet points; one for each 
pesticide category, rather than in one or two paragraphs. Also, participants were 
comfortable with the idea of paying a premium for food items in return for pesticide 
reductions. Finally, all the participants found that the choice tasks were relatively 
easy. 
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PILOT INTERVIEWS 
After the focus groups were conducted and their suggested changes incorporated, the 
survey was piloted with 20 respondents, again selected among residents in Wye. The 
respondents were selected simply by knocking on doors and inviting the residents to 
take part in these pilot interviews. The responses were inspected to make sure that all 
options and attribute levels were chosen, as a necessary, but not sufficient, 
prerequisite for efficient estimation. However, there was no attempt made to estimate 
a conditional logit to test whether the experimental design yielded data that were 
estimable. This was mainly because the data set was deemed too small to be fit for 
estimation. In retrospect, this was a significant omission, given that the experimental 
design suffered from myriad limitations that will be discussed later. In addition, the 
data estimation would have given a valuable indication of whether the model 
estimates reflected more or less the background scientific information. In other 
words, model estimates from the pilot interviews that are consistent, in terms of signs 
and magnitudes, with the scientific background information paving the way to the 
choice tasks, would have provided robust insurance that respondents were coping 
successfully with this information. 
After completing the questionnaire, pilot interviewees were asked, in general, 
whether they found the questionnaire easy to answer and whether the scenario was 
credible to them. Responses were generally positive. This meant that the survey was 
ready to be implemented, and questionnaires were then prepared to be posted. 
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CHAPTER 5- RESULTS OF THE MORI CHOICE EXERCISE 
5.1. Descriptive Statistics 
The main summary statistics on sample characteristics are shown and contrasted to 
national averages in Table 5.1 and Table 5.2 below. It can be clearly seen that the 
sample's socioeconomic characteristics reflect very accurately those of the population 
in the UK. Female respondents are slightly overrepresented at the expense of male 
respondents. This can be explained by the fact that women are more likely to be the 
primary food shoppers and carers in the household, and hence would feel more 
implicated in the kind of issues raised by the survey. Regarding the main concern 
while buying food (Table 5.1), most respondents state that food safety is their main 
concern (63%), followed by the relative product price of food (29%) and finally 
environmental safety (8%). This is expected since consumers are more likely to have 
`selfish' motives (predominant in food safety and price) than `altruistic' motives 
(predominant in environmental safety) underlying their food purchasing patterns. The 
lower income bracket is slightly overrepresented in the sample at the expense of the 
higher bracket (Table 5.2). Lower income respondents are in fact more likely to be 
unemployed or pensioners (which increases their chance of being at home), and they 
are probably able and willing to spare time to fill in and return the questionnaire. 
Choice percentages for each of the six choice cards are presented in Table 5.3 below. 
These percentages are interesting in many respects. First, they show that a substantial 
proportion of respondents is willing to choose the `No Pesticides' option, even when 
this option's weekly cost is highest, and the weekly budget under which it is 
purchased is lowest (nearly 60% for Card 3). Second, the weekly budget constraint 
impacts these percentages in two ways. Firstly, a higher weekly budget generally 
increases the percentage of respondents choosing the more expensive `No Pesticides' 
option. Secondly, the drop in the percentage of respondents choosing the `No 
Pesticides' option when its cost increases from £14 to £17 is proportionately higher 
when the weekly budget is £30 than when it is £50. Conversely, this drop becomes 
lower under £30 than under £50 when the cost increases from £17 to £23. This 
suggests that the budget constraint interacts with the food basket type, price, or both. 
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Table 5.1 Summary statistics 
Mean Std. Dev. Minimum Maximum 
National 
Average 
Female 0.53 0.49 01 0.51 
Male 0.47 0.49 01 0.49 
Age (adults aged 15 or above) 47.6 16.8 15 89 48.1 
Households with children 0.33 0.47 01 0.35 
Sensitivity: 
Food Safety 0.63 0.48 01 - 
Environment 0.08 0.27 01 - 
Price 0.29 0.45 01 - 
Sample size (N) = 1934 
*The socioeconomic data in the table were retrieved from the Office for National Statistics' Annual 
Abstract of Statistics (ONS, 2005) 
Table 5.2 Income statistics 
Household Yearly 
Income 
Up to 
£17,499 
£17,500 
-£29,999 
£30,000 
or more 
Sample 32.8% 14.8% 52.4% 
UK population 29.0% 14.8% 56.2% 
Sample Size (N) = 1934 
Table 5.3 Percentage of respondents who chose the No Pesticides option against price differentials 
£30 weekly budget 
Card I Card 2 Card 3 Card 4 
£50 weekly budget 
Card 5 Card 6 
Standard £12/week £12/week £12/week £12/week £12/week £12/week 
No Pesticides £14/week £17/week £23/week £14/week £17/week £23/week 
% respondents 
who chose No 76.0% 64.2% 58.1% 77.3% 70.6% 60.6% 
Pesticides 
Sample size (N) = 1934 
129 
Table 5.4 Bayesian CL parameter estimates for the standard and the UPMR models 
Standard CL UPMR CL 
Variable Coeff. SD P-value Coeff. SD P-value 
Payment -0.097 0.030 0.001 -0.235 0.085 0.003 
No Pesticides 0.245 0.217 0.129 -0.314 0.541 0.281 
Payment: 
Fifty -0.003 0.023 0.445 0.011 0.042 0.399 
Female 0.011 0.024 0.314 0.021 0.043 0.315 
Old -0.007 0.023 0.375 -0.004 0.040 0.456 
Food 0.019 0.027 0.246 0.093 0.077 0: 113 
Environment -0.053 0.052 0.156 0.036 0.088 0.340 
No Pesticides: 
Fifty 0.194 0.179 0.138 0.320 0.314 0.154 
Female 0.385 0.183 0.018 0.568 0.320 0.038 
Old 0.317 0.181 0.040 0.462 0.310 0.068 
Food 0.890 0.201 0.000 1.340 0.493 0.003 
Environment 1.859 0.434 0.000 2.318 0.561 0.000 
7r - - - 0.59 0.12 0.000 
A - - - 0.79 0.14 0.000 
Log likelihood -1118.04 -1115.60 
Bayes factor 11.47 
Number of observations (N) = 1934 
5.2. Parameter Estimates 
Table 5.4 above contrasts the Bayesian mean parameter estimates of the standard CL 
model with those of the UPMR model. It is worth noting that the Classical 
implementation of the standard CL yielded parameter estimates and standard errors 
(the equivalent of Bayesian standard deviations) that were virtually identical to the 
Bayesian implementation. In general, evidence in favour of the UPMR model 
specification was assessed by calculating the Bayes Factor, using the methods 
outlined in Chib and Jeliazkov (2001). The Bayes Factor offers a means for Bayesian 
model selection, whereby two models competing for the explanation of the data are 
compared through their posterior odds ratio. The value of the Bayes Factor presented 
in Table 5.4 is much larger than 1, strongly favouring the UPMR specification to the 
standard CL, and indicating a strong support for a model that accounts for mis- 
reporting. 
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Figure 5.1 Simulated posterior distributions for the mis-reporting parameters ; rand A 
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Estimates for the mis-reporting parameters are presented at the bottom rows of Table 
5.4, and their simulated posterior distributions in Figure 5.1. For the UPMR model, 
mean values for r and A indicate that around 60% of respondents accurately report 
their preferences, and that around 80% of the `mis-reporters' mis-report in favour of 
the `No Pesticides' option. This means that only a relatively low proportion of 
respondents reported their `true' preferences. Also, in the majority of the mis- 
reporting cases, mis-reporting was in the expected direction. As anticipated, most 
people state that they would choose the `No Pesticides' basket, knowing that they will 
probably go for the cheaper `Standard' type of food in a real market situation. Thus, 
the results consistently suggest that the majority of people mis-reported their 
preferences, and subsequently their WTPs, and this in favour of the option that is 
more `morally desirable'. It should be noted from Figure 5.1 that deviations from 
mean parameter estimates of ; rand A are relatively large, giving little confidence in 
the point estimates. This is more the case with . r, which standard deviation to mean 
ratio (0.20) is higher than that of A (0.18) (see Table 5.4 above). However, the density 
mass above the ; rvalue of 0.50 far exceeds the mass below it. This supports the fact 
that most respondents do not mis-report their `true' preferences. As for A, the density 
mass above the value of 0.70 far exceeds the mass below it, giving evidence that the 
overwhelming majority of respondents mis-report in favour of `No Pesticides'. 
Though the attribute parameter estimates as such are not of particular interest (in view 
of the subsequent focus on the analysis of WTP posterior distributions), some 
comments are warranted. First, in both model specifications, it is noticed that the 
parameter Payment was significant and had a negative sign, as expected. As to the No 
Pesticides parameter, its tendency to be insignificant in both models indicates that the 
utility contribution of the `No Pesticides' food basket is almost wholly captured by 
the set of individual-specific characteristics included as interaction terms. This indeed 
turns out to be the case in the UPMR specification. Worth noting is the fact that all 
significant effects were captured by the No Pesticides interaction parameters rather 
than Payment parameters. This result is plausible, since most of the individual- 
specific variables considered here represent attitudes relevant to pesticide concerns 
rather than sensibility to prices, either directly or indirectly. That is, these 
socioeconomic variables act on the utility function mostly by increasing the 
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composite preference parameter for No Pesticides, rather than decreasing the absolute 
value of the composite parameter for Payment. 
5.3. Welfare Estimation 
5.3.1. WTP simulation method 
As described in sections 3.3.1, an M-H algorithm is employed to simulate the 
posterior distributions of the standard and mis-reporting CL models outlined above. 
The M-H algorithm used a random walk step for the parameters with normal 
innovations and a common variance across the innovations. Two inequality 
conditions were placed on the parameters of both models. The first required that the 
monetary coefficient have the correct sign (i. e. negative). Next, it should be recalled 
that the maximum WTP estimates should accord with the stated weekly budget 
constraints given to consumers: these are £18 and £38 for the lower (£30) and upper 
(£50) budget groups respectively. When estimating the models, bounds were placed 
on the WTP of £50 and -£50, which greatly exceeded the budget constraints given to 
respondents. As WTP is calculated by dividing the attribute parameters by the 
payment coefficient, small payment coefficients can induce very large WTP estimates 
which, it is argued, are not a priori credible. Furthermore, the moments of the WTP 
distribution will not exist. Other methods can be employed to deal with this problem 
(e. g. by the transformation of the coefficient into one which is also positive, or by 
setting some higher negative bound on the payment coefficient). However, a priori, 
there is no reason why these methods are preferred to the truncation of the WTP 
distribution. Both sets of inequality constraints were enforced within the M-H 
algorithm by specifying them as additional conditions for the acceptance of a step. As 
indicated earlier, the value hyper-parameter r used in the prior distributions was set to 
be very small in order for the prior to be non-informative. 
From the sampler, only every 1,000`h draw from the sampler was recorded. A very 
large burn-in of 106 draws was therefore used prior to convergence, with a further 
20x 106 draws (of which 20,000 were sampled) used to map the posterior 
distributions. T-tests were conducted for the difference between the mean of the first 
and second half of the sample values by resampling every 20th (approximately 
independent) draw from the first and the second 10,000 recorded values. T-tests and 
F-tests were also conducted between the means of these sub-samples (each of 500). 
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Table 5.5 Simulated posterior distributions of WTP by individual-specific grouping 
Categorisation 
Standard CL 
WTP SD 
UPMR CL 
WTP SD 
£50 per week 18.67 9.67 13.13 9.91 
£30 per week 16.99 9.67 9.94 8.62 
Female 21.95 9.75 15.02 9.83 
Male 13.59 7.67 7.84 7.20 
Old 19.75 9.01 13.88 9.08 
Young 15.92 10.03 9.21 9.20 
Food 22.84 7.68 15.60 7.79 
Environment 18.85 5.89 16.72 7.00 
Price 7.08 4.14 1.66 4.05 
All 17.83 9.71 11.62 9.45 
Number of observations (N) = 1934 
These were all insignificantly different at the 5% level. The overall means for the 
entire first and second sub-samples were very similar to 2 decimal places. 
Finally, the posterior distributions for the WTP for each of the groupings were 
produced by simulation after the M-H algorithm ended. Prior to the estimation of the 
distributions using kernel density methods, each of the simulated parameters 
{3' } 
from the sampler were drawn along with a random draw from the population of 
vectors of characteristics {Z }, subject to the requirement that the vector of 
characteristics conforms to a pre-specified condition (e. g. that it should be male or 
female etc... ). Accordingly, the resulting posteriors will reflect the underlying 
frequencies with which other characteristics occur within the sample at hand. 
5.3.2. Results 
Table 5.5, Figure 5.2 and Figure 5.3 present the WTP results for the standard CL and 
the UPMR models. Table 5.5 above presents the posterior means and standard 
deviations for WTPs from both models by main socioeconomic groupings. In Figure 
5.2, the WTPs for all combinations of budget, gender, age and sensitivity groupings 
(24 in total) are rank-ordered according to the estimates yielded by the standard CL. 
In Figure 5.3, plots of kernel density estimates for posterior distributions of WTP for 
the main groupings are presented for both the standard CL and the UPMR model. 
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Figure 5.2 Standard CL and UPMR WTP estimates by individual-specific grouping 
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There are several important aspects in these results. First, it is observed that the WTP 
estimates from the UPMR model are considerably downsized, and compared to the 
standard CL model, they are reduced by an average factor of more than 30% (based 
on the WTP estimates for all groups in Table 5.5 above). Also, as can be seen from 
Figure 5.2, WTP estimates for the two models have reasonably similar rankings. As 
expected, the WTP for male, young and price-sensitive respondents under a budget of 
£30 per week ranked the lowest, while those for female, old and food-sensitive 
respondents under a budget of £50 per week ranked highest in both models. This 
generally concords with the literature dealing with socioeconomic determinants of 
WTP for less or no pesticides in food (Eom, 1994; Roosen et al., 1998; Loureiro et 
al., 2002; Travisi and Nijkamp, 2004; Magnusson and Cranfield, 2005). 
Second, respondents are randomly assigned two notional budgets in the survey. Given 
that the WTP measures in Table 5.5 above purport to be the additional amounts that 
people are willing to pay for the `No Pesticides' option (over and above £12), it is 
evident that the standard CL model generates WTP measures that grossly exceed the 
budget constraint for 15th, 17ct,, 19th, 21st and 23rd groups in Figure 5.2 (which in 
principle have a maximum possible WTP of £18 per week). It is also clear from this 
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Figure 5.3 Simulated posterior distributions of WTP estimates by individual-specific categorisation 
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figure that the UPMR model leads to less violations of the budget constraint in 
comparison to the standard model, and that these violations remain minimal (the 191h 
and 23rd groups have estimates of just over £18 per week). In percentage terms, the 
downward revision of WTP estimates is more pronounced under the £30 per week 
budget as opposed to the £50 per week budget. In absolute terms, however, the 
Age 
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reductions of the estimated WTPs from the UPMR model relative to the standard CL 
are fairly similar across the board (between £5 and £8 per week), except for 
environmentally-sensitive respondents, who had only a small revision downward by a 
little over £2 per week (see Table 5.5). Hence it may be argued that these types of 
respondent are more committed to their concerns, and subsequently are less tempted 
to mis-report their preferences. 
Third, in both the standard CL and the UPMR model, there is a clear bimodality in 
the distributions according to budget, age and gender (Figure 5.3). It is also evident in 
this figure that the WTP distributions presented according to the main concern while 
purchasing food (sensitivity) become unimodal. This probably means that the 
bimodality in the previous distributions reflects very different behaviours by 
respondents identifying themselves as price-sensitive, as opposed to those identifying 
themselves as food-safety- or environmental-safety-sensitive. It can be argued that the 
bimodality displayed in the posterior WTP distributions across the budget, gender and 
age categories in both models can be captured in the posterior WTP distributions 
across the price/food safety/environmental safety categories. This suggests quite 
different patterns of behaviour and preferences between price-sensitive respondents 
on the one hand, and food-safety and environmental-safety sensitive respondents on 
the other. 
Overall, the UPMR model resulted in a substantial downward revision of WTP 
estimates that better conformed with hypothetical budget constraints given to 
respondents, and seems to address satisfactorily the issues raised in section 2.6 above. 
The UPMR model drastically reduces the relative WTP from a comparable 149% to a 
much smaller 97%. Nevertheless, one should be cautioned that this value is still 
suspiciously large, and that there is still ample room left for bias mitigation. It could 
be argued that the UPMR would do a good job capturing anomalies in the way 
respondents respond to a survey, but that there are fundamental differences between 
survey conditions and actual market conditions that the UPMR model is not well- 
equipped to capture. Indeed this re-emphasizes a point made earlier, namely that the 
UPMR model should not be seen as a substitute for survey design tools in mitigating 
hypothetical bias. Rather, it ought to be used in concert with design tools, and these 
latter are still needed to make the hypothetical situation as incentive-compatible and 
credible as possible. 
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This aside, the resulting estimates for the UPMR model (Figure 5.2) suggest that 
certain groups such as older females, who classify themselves as either food-safety or 
environmental-safety sensitive, are willing to pay more than 150% more for `No 
Pesticides' options (which is an additional £18 on top of the £12 which is the price of 
the standard basket). At the other end of the spectrum, the results suggest that young, 
male price sensitive respondents are not willing to pay any additional money for `No 
Pesticides' options, and perhaps even needed to be compensated. The average for all 
groups suggests that respondents are willing to pay a premium of around 97% more 
for `No Pesticides' food in general (Table 5.5). The standard deviations for the WTP 
distributions are high for all groups, however, giving little confidence in using the 
posterior means as reliable point estimates. 
Finally, some qualifying remarks concerning these results are warranted. It is 
recognised that the standard CL framework is restrictive, particularly in regard to the 
well recognised assumption of the `independence or irrelevant alternatives' (IIA) 
(McFadden, 1974) which underpins both the standard CL and the UPMR models. 
Therefore, a richer model structure may deal with what is here perceived to be the 
problem of hypothetical bias and overvalued WTP estimates for `No-pesticides' food, 
without the need to employ the idea that people are mis-reporting. Likewise, the 
finding of mis-reporting may not be evident in models which are less restrictive in 
other ways. However, in support of this approach, it can be argued that the idea that 
people report in an uncertain manner, and that some may reply in a deliberately 
misleading way, is hardly controversial. The real question is how to inhibit mis- 
reporting, or to mitigate its effects. It can be argued that any models which do not 
attempt to deal with mis-reporting are open to the challenge of being unrealistic. 
Moreover, as part of other work which is not presented here, other models are also 
examined such as the Mixed Logit (or Random Parameter Logit (RPL)), using both 
Classical and Bayesian methods. It is found that these other generalisations did not 
significantly downwardly revise the WTP estimates, unless explicit restrictions on 
WTP measures were imposed (Balcombe et al., 2007). Therefore, it is believed that 
there is some circumstantial evidence that the finding of mis-reporting is not an 
artefact of the simple CL structure which is employed here. These comments aside, 
similar approaches to the ones being employed here may be embedded into `richer' 
models such as the RPL. 
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CHAPTER 6- RESULTS OF THE MULTIDIMENSIONAL 
CHOICE EXPERIMENT 
6.1. Survey Logistics 
A representative mailing list sampling the British population aged 18 or above was 
purchased from a commercial company. This company is Whichlist. com for UK 
mailing lists. Its Consumer Master File compiles from shareholders, telephone 
surveys, direct mail responses and data exchanges, data on 44 million individuals in 
22 million households throughout the UK. The list contained the names, postal 
addresses and telephone numbers of 3000 British individuals. The sample was 
stratified according to age, income and county of residence. 
Questionnaires were sent by second-class mail on September 1" 2005. Enclosed in 
the envelopes were stamped and addressed return envelopes in which respondents 
could enclose and send back the questionnaires once filled in. Reminder postcards 
were posted 2 weeks later. The last return envelope was received 11 weeks after the 
questionnaires were posted. However, the bulk of the questionnaires (around 400) 
were returned within 6 weeks of the date of postage. The total number of respondents 
was 467, which meant a response rate of 15.8% after adjusting for undeliverables. 
This response rate is similar to that reached by van Bueren and Bennett (2004) in a 
similar context of non-market valuation CE survey. However, the final number of 
analysable (i. e. fully completed) questionnaires was 420. The rest were either partly 
or erroneously filled questionnaires (26 questionnaires), or not filled at all (21 
questionnaires). Empty questionnaires often enclosed scribblings that protested 
against the survey's motivations. 
6.2. Summary Statistics 
Summary statistics are presented in Table 6.1 below. Comparing the sample to the 
national average figures, it can be seen that the sample is representative, overall, of 
the UK population (ONS, 2005). However, some comments are warranted here. A 
slight selection bias in favour of females and higher numbers of dependents in the 
household can be observed. Similar factors underlying both characteristics seem to 
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Table 6.1 Summary statistics 
Mean Std. Dev. Minimum Maximum 
National 
Aueraue 
Female (%) 54.8 49.8 0 100 51.1 
Male (%) 45.2 49.8 0 100 48.9 
Age (years; population aged 18 51.3 16.7 19 88 48.1 
or above) 
No. of dependents in household 0.51 0.90 0 5 0.54 
Household income (±/year) 29800 17109 5000 65000 25271 
Labour (%) 28.6 45.2 0 100 21.6 
100 
Conservative (%) 28.8 45.3 0 100 19.8 
Liberal Democrat (%) 14.5 35.2 0 100 13.5 
Green (%) 2.1 14.5 0 100 0.6 
Number of observations (N) = 420 
. The socioeconomic data in the table were retrieved from the Office for National Statistics' Annual 
Abstract of Statistics (ONS, 2005), while the figures on voting percentages were retrieved from the 
BBC website (http: //news. bbc. co. uk/1/hi/uk_politics/vote_2005/constituencies/default. stm), and were 
adjusted to the national turnout to elections. 
result in this slight bias. In fact, women are more likely to be the ones looking after 
dependents in the household, and both are more likely to shop for food for the 
household. Therefore, whether he/she cares for dependents or is a female, or both, the 
respondent will have a stronger motivation to vote against potential pesticides risks, 
mainly out of concern for dependents' health. Hence he/she is more likely to answer 
this survey. As to the data on electoral preferences, it is clear that the stated voting 
preferences inflate actual figures. This was expected given the likelihood that many 
respondents who state a positive preference in favour of one of the parties would in 
reality not turn up to vote during Election Day. 
As to `purchasing' decision patterns, Table 6.2 below presents choice percentages of 
each combination of option type and price/cost, both for the `Fruits and vegetables 
and Food Safety' and the `Environmental Safety' experiments. Some interesting 
aspects can be observed here, and are analogous in the two experiments. First, these 
percentages clearly suggest the absence of a status quo bias. Indeed, the strongest 
preference is manifest in favour of `Green' options. It can also be noticed 
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Table 6.2 Choice percentages of each of the loaf/basket and prices/cost combinations 
Bread and Environmental Safety Fruits and Vegetables and Food Safety 
Price Standard Green 
No Weekly cost Standard Green No 
(£/Ioaf) pesticides (£Jweek) pesticides 
0.50 17.4% --6.00 18.6% -- 
0.65 
0.75 
0.95 
0.85 
1.05 
1.35 
Total 
20.1% - 6.50 - 20.9% - 
- 20.3% - 7.50 - 21.1% - 
- 12.5% - 9.50 - 14.1% - 
--7.3% 8.50 --6.4% 
-- 11.3% 10.50 --9.4% 
-- 11.0% 13.50 --9.5% 
17.4% 52.9% 29.7% Total 18.6% 56.1% 25.3% 
Number of observations (N) = 1260 
that `No Pesticides' options are subject to a strong preference, despite their high 
prices/costs. Second, the probability of choosing `Green' options seems only to drop 
(drastically) when its price/cost level is highest (0.95 £/loaf and 9.50 £/week for bread 
and fruits and vegetables respectively). On the other hand, the probability of choosing 
the `No Pesticides' option increases from the lowest price/cost level (0.85 £/loaf and 
8.50 £/week respectively) to reach a plateau for the two higher payment levels. What 
may be thought to be irrational behaviour here can be attributed to the way choice 
sets were constructed. Many respondents faced with choice sets in which the 
price/cost of the `Green' option is highest (0.95 £/loaf and 9.50 £/basket), would think 
that the given pesticide reductions do not justify paying these amounts. Instead, they 
would decide to pay a little extra to buy a `No Pesticides' option. However, by 
design, cards with `Green' options priced highest would not have the `No Pesticides' 
options priced at the lowest level (0.85 £/loaf and 8.50 £/basket respectively). As 
described in section 0, this combination was avoided in order to make sure that the 
`No Pesticides' does not dominate the `Green' option. Therefore, when the `Green' 
option assumes its highest price, it will cause the `No Pesticides' option to be chosen 
more frequently exactly when its price is not the lowest. This is probably the main 
reason why the overall frequency of choice of the `No Pesticides' options priced at 
£0.85/£8.50 is lower than for the two other options with higher prices. 
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6.3. Parameter Estimates 
6.3.1. Standard CL estimation 
Following data entry, the model was estimated. Both experiments were analysed 
analogously, and therefore the following discussion will apply to both the 
`Environmental Safety' and the `Food Safety' CEs. First, a `basic' standard CL model 
which only included the attribute and payment levels and the Green ASC was 
estimated (see Table 4.1 and Table 4.2 above). Initially, a No Pesticides ASC was 
also included in the models, but it proved to be problematic. Besides the fact that its 
inclusion yielded a highly insignificant parameter, excluding it drastically improved 
the significance of the pesticide reduction parameters. Therefore, the parameters for 
the below conditional indirect utility function for any given respondent n, alternative i 
and choice occasion t was estimated (see equation 2.2): 
Ui, =Qc "Green +ßl1sec liciie "Insecticidei, +ßHerbicide "Herbicidei, (6.1) 
+ ßFüngicide " Fungicidei, + ßp...... e», " 
Paymenti, + £, 1;, 
In order to find evidence in support of the hypothesis that marginal WTP is 
decreasing to reduction in the usage of each pesticide category, an alternative model 
specification was attempted, in which parameters for three additional quadratic terms 
corresponding to the respective squared pesticide reduction variables are estimated, in 
addition to the variables in equation 5.1: 
Unit = JgGree,, " 
Green,,;, + ý3rSee,; e; re 
Insecticide,,;, + ;, sect; c;,,, 
Insecticide2;, 
+ flHerbrcide " Herbicide,,;, + , 
#He,. i,; e;, le " 
Herbicidez;, + 8F.,,,,, 1C1,; e " 
Fungicide1t (6.2) 
+ß,,, g; e, 1le 
Fun gicide ,, +ß1 111ent " Payment,,;, +, 6,, i, 
To test the hypothesis of decreasing marginal WTP for pesticide reduction, two 
conditions were verified. The first was that the `quadratic' model specification 
significantly improves the model fit compared to the `linear' specification. This was 
done by means of a likelihood ratio (LR) test (Hausman and McFadden, 1984; 
Louviere et al., 2000, pp. 53-55) in which the following statistic is calculated: 
LR = 2" 
(LL(JQ)-LL(/L)) (6.3) 
whereby PL and & are mean parameter estimates for the linear and quadratic 
specifications respectively. LR has been shown to be approximately x2 distributed, 
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with degrees of freedom that are equal to the number of additional parameters in the 
alternative (here quadratic) model. Since this test does not penalise for the inclusion 
of additional parameters in the model, information criteria discussed in section 2.8.3 
above (minimum AIC and BIC) can be calculated for each specification, and used as 
a guide to identify the superior model. 
As for the second condition, the parameters for the quadratic pesticide reduction 
variables were inspected. These parameters needed to be both negative in sign and 
significant in order to accept the hypothesis of decreasing marginal WTP. This is 
proven below by calculating the marginal WTP for any of the pesticide reduction 
variables (mWTPpesr; c; ae) in equation 5.1, denoted Pesticide to generalise for all 
pesticide categories: 
MUpec,; 
ciie 
au tPayment 
mWTP,, `S""`, ` -- MUPawnenl aPesticide au 
(6.4) 
_- /ý 
- 
(2 
- Pesticide " 
Pesticide + fipes, 
rcjde 
) 
YPap , enr 
where MU denotes marginal utility. Then, differentiating mWTPp, j, j ie with respect to 
Pesticide, it can be easily seen that decreasing marginal WTP is satisfied by: 
ömWTPP,, ,;, i, __2' 
ßPe. rl; c; de <0 and therefore /3 <0 
aPesticide N/ý Pest;; ýr Ynymeint 
(6.5) 
where flp,, y,,,, j is typically a negative parameter, causing utility to decrease for 
increasing prices. 
Comparative parameter estimates for both model specifications are presented in Table 
6.3 and Table 6.4 below. All the preference parameters in both linear CLs turn out to 
be significant or nearly significant. Overall, the two models yield the expected 
parameter signs. The parameter for Payment is negative. As to the parameters for the 
Insecticide, Fungicide and Herbicide reduction attributes, they turn out to be positive, 
in concordance with the literature on the topic (Roosen et al., 1998; Burton et al., 
2001; James and Burton, 2003; Rigby and Burton, 2003). This literature establishes a 
significant public preference and WTP for less pesticide and chemical usage in food 
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Table 6.3 Linear and quadratic CLs for the `Environmental Safety' experiment 
'Linear' CL 'Quadratic' CL 
Variable Coeff. SE P-value Coeff. SE P-value 
Payment -1.755 0.272 0.000 -1.757 0.273 0.000 
Green 0.776 0.059 0.000 1.339 0.464 0.004 
Insecticide 0.667 0.215 0.002 -1.040 1.391 0.455 
Herbicide 0.280 0.202 0.167 0.100 1.387 0.942 
Fungicide 0.622 0.196 0.001 -0.459 1.396 0.742 
Insecticide2 - - - 1.750 1.386 0.207 
Herbicide2 - - - 0.171 1.381 0.902 
Fungicide2 - - - 1.047 1.383 0.449 
Pseudo R2 0.1069 0.1078 
Log likelihood -1235.25 -1234.10 
LR - - 2.302 0.512 
AIC 2480.51 2484.20 
BIC 1253.10 1262.66 
Number of Respondents (N) = 420. Number of observations (T) = 1260 
Table 6.4 Linear and quadratic CLs for the `Food Safety' experiment 
'Linear' CL 'Quadratic' CL 
Variable Coeff. SE P-value Coeff. SE P-value 
Payment -0.173 0.029 0.000 -0.174 0.029 0.000 
Green 0.805 0.061 0.000 1.538 0.461 0.001 
Insecticide 0.478 0.208 0.021 -0.968 1.400 0.489 
Herbicide 0.361 0.196 0.065 -4.016 1.383 0.004 
Fungicide 0.311 0.200 0.120 2.289 1.391 0.100 
Insecticide2 - - - 1.519 1.393 0.276 
Herbicide2 - - - 4.379 1.368 0.001 
Fungicide2 - - - -2.047 1.385 0.139 
Pseudo R2 0.1179 0.1230 
Log likelihood -1220.10 -1213.09 
LR - - 14.016 0.003 
AIC 2450.20 2442.18 
BIC 1237.95 1241.65 
Number of Respondents (N) = 420. Number of observations (T) = 1260 
production. The Green ASC turns out to be positive as well, as was the case with 
Govindasamy and Italia (1998), Misra et al. (1991), Loureiro et al. (2002), Hu et al. 
(2004) and Magnusson and Cranfield (2005). These studies were conducted in the 
similar contexts of `Integrated Pest Management', `certified free of pesticide 
residues', `ecolabelled', `produced environmentally friendly' or `Pesticide Free 
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ProductionTM' food, respectively. Of interest is the fact that this ASC contrasts 
respondents' preferences for `Green' options on the one hand, with both `Standard' 
and `No Pesticides' options on the other. Illuminating in this respect were the many 
comments by respondents stating their scepticism about banning pesticides altogether, 
as this was deemed unrealistic, in contrast to the more feasible `Green' pesticide 
reductions. Unfortunately, and as mentioned earlier in this section, adding an ASC in 
the model for the `No Pesticides' option is problematic for its collinearity with all 
three pesticide reduction attributes, whereby it always corresponds to all three 
pesticide reduction levels being equal to zero. Any alternative-specific effect 
attributed to this option cannot be disentangled and is therefore confounded with the 
pesticide reduction attributes. However, to have a feel of how the preference to 
options labelled `Green' would compare to the one for food labelled `No Pesticides', 
a simple CL model specification was attempted for both CEs to estimate parameters 
for Payment, Green and No Pesticides (ASC coding for the `No Pesticides' option). 
Parameters all turned out to be significant and of the expected signs (negative for 
Payment, and positive for Green and No Pesticides). Interestingly, the parameter for 
Green was higher than that for No Pesticides in both cases. 
Following the argument in Blarney et al. (2001) on "belief perseverance", it is 
suspected that this higher preference for `Green' options relates to the respondents' 
disregard of at least part of the information given them on potential impacts of 
pesticides. Also, respondents might have ignored the generic descriptions in terms of 
reduction levels in each pesticide category. The reason for this disregard is that this 
information may contradict subjective `hypotheses' in which respondents become 
strongly convinced in the marketplace. Indeed such hypotheses would translate into a 
labelling effect, whereby consumers are willing to act on an environmental label with 
no concrete indication of benefit to them and based on altruistic motives (Bjorner et 
al., 2004). This resonates with the findings by Ajzen et al. (2004) discussed earlier. It 
seems that this strong preference for the green label implies an altruistic motive based 
on prior beliefs which is symptomatic of the fact that respondents did not focus on the 
background information, and pesticide attributes as a consequence. What may have 
discouraged them from concentrating on this information is probably that it lacked 
personal relevance, and that it was weak. Indeed in both experiments, the impacts of 
pesticides were pictured, rather realistically, as highly uncertain. This would have 
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given little reason for respondents to ponder the argument contained in the 
information, since it did not include any evidence of unavoidable risk either to their 
health or their surrounding environment as a result of pesticide use. Hence 
respondents probably relied to a large extent on superficial cues to make their 
choices, most notably the alternatives' labels. 
Both Blarney et al. (2001) and Bjorner et al. (2004) actually estimate the influence of 
environmentally-friendly or green labels on consumer product choice. Therefore, they 
either rely on an accurate representation of the product market using large 
hypothetical choice sets with representative product brands, as in the first case, or 
resort to a RP study, as in the second. In contrast, this study only presents respondents 
with three alternative states of the world using a consumer product vehicle. Therefore, 
interpreting the parameter for Green as a consumer label effect can be misleading. 
Choice sets in both CEs are not representative of the market, and the only thing the 
parameter for Green does is to strongly support the hypothesis that a `green' label is 
likely to increase the WTP for the product in question. On the other hand, it can be 
equally argued that the `green' effect testifies to the fact that respondents were 
reluctant to process the information on pesticide risks, hence providing an argument 
against the use of the process-based scenario for the valuation of pesticide 
externalities. More on this proposition later. 
The hypothesis that marginal utility is diminishing for reduced pesticide usage could 
not be substantiated using the quadratic CL specifications. In the `Environmental 
Safety' experiment, the LR test did not indicate a significant improvement. Moreover, 
both the AIC and the BIC for the quadratic specification increased, rather than 
decreased, compared to the linear specification. The parameter estimates for all three 
squared terms did not turn out to be negative, and they were insignificant (see Table 
6.3). As to the `Food Safety' experiment, while the LR test was significant, the 
information criteria, especially those penalising for additional parameters (BIC), did 
not corroborate this result. The BIC actually increased, while the AIC decreased only 
slightly. Turning to the parameter signs, it can be seen that the Insecticide2 and 
Herbicide2 parameters were actually positive, while the only negative squared 
parameter was that for Fungicide2, but it turned out to be non-significant (see Table 
6.4). 
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An alternative approach for testing the decreasing marginal utility hypothesis is to 
estimate a model with dummy variables coding for each of the attribute levels. Hence 
for each pesticide category, four parameters would be estimated for 20%, 50%, 80% 
and 100% reduction, respectively, while the level 0% is left out to avoid the dummy 
variable trap. This specification can go beyond the linear and quadratic specifications 
presented above, to estimate `polynomial' utility functions of degree L-1, where L is 
the number of attribute levels as assigned by the experimental design (Hensher et al., 
2005). However, estimating a model with dummy variables simultaneously to code 
for the reduction levels of insecticides, herbicides and fungicides was not feasible. 
This is due to a deficiency in the experimental design, already hinted at when 
discussing the impracticability of simultaneously including Green and No Pesticides 
ASCs in the estimation model. In this design, each subset of pesticide reduction levels 
is confined to one of the choice alternatives, giving rise to a perfect collinearity 
problem if one were to include both an ASC for this alternative and the corresponding 
levels dummies in the model specification. In fact none of the insecticide, herbicide 
and fungicide reduction levels describing Green options is as high as 100% or as low 
as 0%. This means that a model with a Green ASC and at the same time dummies to 
code for 20%, and 50% and 80% for each of the three pesticides cannot be estimated, 
and the Green ASC has to be dropped. A more serious drawback of the experimental 
design is the fact that the model specification cannot accommodate dummies for the 
three pesticide variables simultaneously. The reason is that the three dummies coding 
for 100% reduction in insecticides, herbicides and fungicides, respectively, are 
perfectly collinear, as they always occur under No Pesticides options. 
A way to circumvent these two problems was to estimate three separate models that 
do not include a Green ASC. In the first model (Model 1), Insecticide is estimated 
with levels dummies, while Herbicide and Fungicide are assumed to be linear (and so 
is Payment). In the second model (Model2), Insecticide and Fungicide are assumed to 
be linear, while Herbicide is estimated with dummies. Finally, in the third model 
(Model 3), Insecticide and Herbicide are assumed to be linear, while Fungicide is 
estimated with dummies. The results of the three model estimates are presented in 
Table 6.5 and Table 6.6 below for the `Environmental Safety' and the `Food Safety' 
experiments, respectively. The polynomial WTPs are plotted against increasing levels 
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Table 6.5 `Dummy' CL estimates for the `Environmental Safety experiment 
Model I Model 2 Model 3 
Variable Coeff. SE P-value Coeff. SE P-value Coeff. SE P-value 
Insecticide: 
20% 
50% 
80% 
100% 
Linear 
Herbicide: 
20% 
50% 
80% 
100% 
Linear 
Fungicide: 
20% 
50% 
80% 
100% 
Linear 
Payment 
1.266 0.217 0.000 
1.255 0.218 0.000 
1.587 0.236 0.000 
1.195 0.403 0.003 
0.529 0.236 0.025 0.558 0.239 0.020 
0.107 0.237 0.652 
0.394 0.237 0.096 
-1.928 0.296 0.000 
1.107 0.212 0.000 
1.130 0.204 0.000 
1.169 0.214 0.000 
0.725 0.373 0.052 
0.436 0.236 0.065 
-1.918 0.296 0.000 
0.079 0.240 0.742 
1.203 0.207 0.000 
1.231 0.208 0.000 
1.464 0.205 0.000 
1.054 0.365 0.004 
-1.919 0.296 0.000 
Pseudo R2 0.1084 0.1077 0.1079 
Log likelihood -1233.28 -1234.25 -1233.91 
Number of respondents (N) = 420. Number of observations (T) = 1260 
of pesticide reduction and presented in Figure 3.1 above. Before discussing the 
polynomial utilities of pesticide attributes, it is worth noting that within each 
experiment, the Payment parameter and standard error are virtually equal between the 
three model specifications. This suggests that the Payment parameter is robust to the 
three `dummy' specifications, and that the attributes estimated with dummies are 
comparable even when not estimated by the same model. Moreover, the models in 
both experiments yield significant parameters for all dummy levels. In both 
experiments and for all three pesticide attributes, the parameters are very highly 
significant (p-value < 0.01) for reductions up to 80%. In the `Environmental Safety' 
experiment, the dummies coding for 100% reduction were very highly significant in 
for Insecticide and Fungicide, but only significant for Herbicide (p-value < 0.10). in 
the `Food Safety' experiment, the dummies coding for 100% reduction were highly 
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Table 6.6 `Dummy' CL estimates for the `Food Safety' experiment 
Model 1 Model 2 Model 3 
Variable Coeff. SE P-value Coeff. SE P-value Coeff. SE P-value 
Insecticide 
20% 1.190 0.207 0.000 
50% 1.111 0.207 0.000 
80% 1.411 0.220 0.000 
100% 0.884 0.385 0.022 
Linear - - - 
Herbicide 
20% - - - 
50% - - - 
80% - - - 
100% - - - 
Linear 0.173 0.237 0.465 
0.449 0.236 0.056 0.357 0.233 0.125 
0.250 0.237 0.292 
Fungicide 
ýnro 
1.198 0.199 0.000 
0.875 0.200 0.000 
1.323 0.198 0.000 
0.658 0.358 0.066 
50% --- --- 
80% --- --- 
100% --- --- 
Linear 0.167 0.236 0.478 0.110 0.238 0.645 
Payment -0.183 0.030 0.000 -0.182 0.030 0.000 
Pseudo R2 0.1192 0.1219 
Log likelihood -1219.27 -1215.46 
Number of respondents (N) = 420. Number of observations (T) = 1260 
0.999 0.203 0.000 
1.219 0.197 0.000 
1.101 0.206 0.000 
0.614 0.364 0.092 
-0.183 0.030 0.000 
0.1190 
-1219.50 
significant for Insecticide (p-value < 0.05), but only significant for dummies coding 
for 100% reduction in Fungicide and Herbicide. Overall, the magnitudes of dummies 
for each reduction level, and the relative positions of utility curves, suggest that the 
`polynomial' utilities have the same ranks as in the basic `linear' CL specification in 
both experiments. 
As to the attribute utilities, the tables and figure below provide support to the 
hypothesis of decreasing marginal utility from pesticide reduction. Figure 6.1 shows 
that in both experiments, and for all pesticides, total utility generally sharply (and 
significantly) increases with pesticide reduction up to 20%, then reaches more or less 
a plateau between 20% and 80% reduction levels, and then decreases between 80% 
and 100% reduction levels. Wald tests were conducted to gauge whether this latter 
decrease was significant, and the results are presented in Table 6.7 below. Indeed for 
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Figure 6.1 Polynomial utility based on the `dummy' CL specifications 
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all pesticides, and in both experiments, the hypothesis of parameter equality was 
rejected. In the `Environmental Safety' experiment, the x2 statistic turned out to be 
significant for Insecticide and Fungicide (p-value < 0.10), and highly significant for 
Herbicide (p-value < 0.05). In the `Food Safety' experiment, the x2 was very highly 
significant for Herbicide (p-value < 0.01), highly significant for Insecticide (p-value 
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Table 6.7 Wald tests of equality between the utility parameters for 80% and 100% pesticide reduction 
levels 
Environmental Safety Food Safety 
Insecticide Herbicide Fungicide Insecticide Herbicide Fungicide 
x2 3.32 4.47 3.77 5.97 9.51 5.29 
P-value 0.068 0.034 0.052 0.015 0.002 0.068 
< 0.05) and significant for Fungicide (p-value < 0.10). However, the results of the 
`polynomial' analyses are subject to strong caveats, mainly due to the weaknesses in 
the experimental design. On the one hand, it is suspected that the effects of dropping 
the Green ASC were absorbed by the parameters for 20%, 50% and 80% pesticide 
reduction. This is what might have caused the parameter for 80% reduction to be 
significantly higher than 100% reduction for all attributes in both experiments. 
Therefore, these results remain inconclusive, and are still to be substantiated with 
evidence from more rigorously designed choice experiments. 
The linear models give some insights into the extent to which respondents' stated 
choices reflected the background information on pesticides provided in the 
questionnaires. The fact that the parameters for insecticides ranked highest among 
pesticide reduction attributes shows that respondents did, at least partly, account for 
this information. Insecticides were actually shown to be the most likely contributors 
to farmland bird decline and potential human health impairment from residue intake 
in fruits and vegetables. As to the fungicide and herbicide reduction attributes, 
interpreting their relative rankings is more problematic. In the `Environmental Safety' 
experiment, herbicides are described to have contributed to farmland bird decline, 
where fungicides are likely not to have done so. However, the parameter for the 
Herbicide attribute turns out to be lower than the parameter for the Fungicide 
attribute. Conversely, in the `Food Safety' experiment, herbicides which were said 
not to pose any serious residue problems in fresh produce, did have a parameter 
higher than that of Fungicide. Therefore, it is fairly likely that in general, many 
respondents did not carefully read the background information, and, as argued 
previously, relied on superficial cues and their prior beliefs in stating their answers. 
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Table 6.8 Full and parsimonious CL-P estimates for the `Environmental Safety' experiment 
Variable Coeff. 
Full CL-P 
SE P-value 
Parsimonious CL-P 
Coeff. SE P-value 
Green 1.145 0.071 0.000 1.142 0.071 0.000 
Insecticide 0.799 0.225 0.000 0.806 0.225 0.000 
Herbicide 0.505 0.212 0.017 0.502 0.212 0.018 
Fungicide 0.878 0.203 0.000 0.868 0.203 0.000 
Payment -6.868 0.952 0.000 -6.482 0.552 0.000 
Payment: 
Female 0.506 0.322 0.116 0.486 0.301 0.107 
Income 9.84E-06 1.05E-05 0.351 - - - 
Environment 4.474 0.477 0.000 4.460 0.467 0.000 
Food Safety 5.228 0.427 0.000 5.206 0.417 0.000 
Age 1.33E-03 1.17E-02 0.910 - - - 
Couple -0.087 0.379 0.819 - - - 
Dependents 0.663 0.354 0.062 0.690 0.328 0.035 
Int. Education -0.857 0.358 0.017 -0.811 0.341 0.017 
High Education -1.657 0.493 0.001 -1.466 0.443 0.001 
Occasional organic 1.222 0.335 0.000 1.243 0.330 0.000 
Frequent organic 3.671 0.473 0.000 3.704 0.473 0.000 
Labour 0.260 0.410 0.526 - - - 
Conservative 0.034 0.411 0.935 - - - 
Liberal Democrat 0.507 0.504 0.314 - - - 
Global Warming -1.279 0.409 0.002 -1.200 0.403 0.003 
Pseudo R2 0.2557 0.2548 
Log likelihood -1029.545 -1030.6733 
AIC 2097.51 2089.35 
BIC 1089.16 1072.96 
Number of Respondents (N) = 420. Number of observations (T) = 1260 
These perceptions seem highly subjective, and it is useful to investigate the 
socioeconomic and attitudinal determinants. This high subjectivity notwithstanding, a 
genuine consumers' preference for the reduction in each of these pesticide classes as 
such can be established here, in view of the significant parameters for all classes. 
Only the weights assigned to some categories tend to be more subjective than others. 
Besides the different pesticides classes, these results firmly establish a public 
preference for reduction in pesticides as a whole. 
To account for the socioeconomic and attitudinal variables listed in Table 4.3 above, 
two more models specifications are estimated. In the first model, the full set of 15 
individual-specific variables are interacted with Payment and will be referred to as 
`full CL-P' thereafter. In the second model, a more parsimonious model is estimated 
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Table 6.9 Full and parsimonious CL-P estimates for the `Food Safety' experiment 
Variable Coeff. 
Full CL-P 
SE P-value 
Parsimonious CL-P 
Coeff. SE P-value 
Green 1.037 0.068 0.000 1.034 0.068 0.000 
Insecticide 0.587 0.230 0.011 0.570 0.230 0.013 
Herbicide 0.455 0.194 0.019 0.466 0.194 0.016 
Fungicide 0.460 0.202 0.023 0.464 0.202 0.022 
Payment -0.505 0.106 0.000 -0.475 0.091 0.000 
Payment: 
Female 0.027 0.036 0.455 - - - 
Income -1.98E-06 1.16E-06 0.088 -1.91E-06 1.07E-06 0.074 
Environment 0.381 0.055 0.000 0.374 0.054 0.000 
Food Safety 0.559 0.048 0.000 0.552 0.048 0.000 
Age -3.59E-03 1.36E-03 0.008 -2.91E-03 1.22E-03 0.017 
Couple 0.037 0.042 0.382 - - - 
Dependents 0.087 0.040 0.027 0.086 0.039 0.026 
Int. Education -0.098 0.040 0.014 -0.081 0.035 0.021 
High Education -0.062 0.053 0.248 - - - 
Occasional organic 0.171 0.038 0.000 0.172 0.038 0.000 
Frequent organic 0.357 0.049 0.000 0.361 0.048 0.000 
Labour 0.109 0.045 0.016 0.070 0.037 0.055 
Conservative 0.047 0.047 0.310 - - - 
Liberal Democrat 0.096 0.056 0.088 - - - 
Global Warming -0.177 0.048 0.000 -0.185 0.046 0.000 
Pseudo R2 0.2421 0.2403 
Log likelihood -1049.1619 -1051.6621 
AIC 2138.32 2133.32 
BIC 1109.56 1096.96 
Number of Respondents (N) = 420. Number of observations (T) = 1260 
where only the significant interaction parameters are retained, and is referred to as 
`parsimonious CL-P' thereafter. Parameter estimates for these two models are 
presented in Table 6.8 and Table 6.9 above, along their with respective information 
criteria. By inspecting these criteria, it is clear in both experiments that the CL-P 
specifications are superior to the basic linear CL specification, whereby the former's 
AIC and BIC values were reduced substantially compared to the latter. The 
explanatory power of the parsimonious CL-P specification was deemed the most 
satisfactory, as it yielded lower AIC and BIC values compared to the full CL-P in 
both experiments. As to the pseudo R2, the substantial increases in both experiments 
indicate, again, that the CL-P specification represents a substantial improvement in 
model fit compared to the linear CL specification. 
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The discussion of the parameter estimates will be limited to the parsimonious CL-P 
specification. However, it should be emphasized, prior to this discussion, that the 
parameter for Payment is a baseline parameter. This parameter pertains to the 
respondents whose characteristics exclude any of the individual-specific 
characteristics for which interaction parameters were estimated. As regards the 
continuous variables `Age' and `Income', their levels are equal to zero in the case of 
these baseline parameters. Needless to say, the Payment parameter should be thought 
of as a composite parameter the value of which can be obtained for any combination 
of individual-specific characteristics. This is done by adding the interaction 
parameters in question to the baseline parameter. Partworths for pesticide reduction 
attributes can also be calculated for individuals in any socioeconomic and attitudinal 
group similarly to equation 4.3: 
WTP = 
fl 
Pesticide 
fl 
Payment F'Payment 
+ Alm 
(6.6) 
In the full CL-P specification, the baseline individual can be classified as follows: 
" Male 
" Price-sensitive 
" Single or separated/widowed/divorced 
" No dependents in household 
" Basic school education 
" Rarely buys organic food (less than once a month) 
" Would vote for other than the three main British parties, or undisclosed 
" Think that pesticide impacts are less important than global warming 
In the parsimonious CL-P specification, the baseline individual has only the subset of 
characteristics for which interaction parameters were retained. 
In the `Environmental Safety' experiment (Table 6.8), it is noticeable that the 
parameter for Herbicide becomes significant in both CL-P specifications, as opposed 
to insignificant in the CL specification. This is probably because segregating 
socioeconomic effects from attribute effects enables utility contributions by attributes - 
that are less preferred by respondents (i. e. Herbicide as opposed to Fungicide and 
Insecticide) to be captured by the model. The parameter for Herbicide remains the 
lowest among pesticide reduction attributes, even though preference for it increases 
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relative to the other two attributes. Surprisingly, the parameter for Fungicide now 
becomes higher than that of Insecticide. This seems to contradict the information on 
pesticides given in questionnaires, namely: fungicides in arable lands are not likely to 
have contributed to the decline of farmland bird populations in the UK. This 
reinforces the conclusion that respondents did not fully account for the information on 
herbicide and fungicide impacts on farmland birds in the UK. Instead, the values they 
implicitly assign for reduced usage of each category consists to a large extent of their 
prior beliefs and subjective perceptions. As to the `Food Safety' experiment (Table 
6.9) the ranking of the pesticide reduction parameters in terms of parameters remains 
the same as in the basic linear CL specification. The parameter for Fungicide now 
becomes significant, probably for the same reason proposed for the Herbicide 
attribute in the previous experiment. Moreover, its magnitude becomes almost equal 
to the Herbicide attribute, better aligning the model estimates with the background 
information preceding the choice exercises. 
With respect to the socioeconomic and attitudinal contributions to the utility function, 
the Payment interaction terms for each covariate were examined. A positive term 
means a higher marginal WTP, and vice versa. The discussion of the significant 
parameters in the CL-P specifications is based on the parsimonious CL-P models. 
Many significant parameter signs are broadly as expected, and conform generally to 
the pesticide valuation literature (Misra et al., 1991; Eom, 1994; Govindasamy and 
Italia, 1998; Roosen et al., 1998; Fu et al., 1999; Dosman et al., 2001; Loureiro et al., 
2002; Travisi et al., 2004; Travisi and Nijkamp, 2004; Magnusson and Cranfield, 
2005). In the `Environmental Safety' experiment, the variables `Environment', `Food 
Safety', `Occasional Organic', `Frequent Organic' and `Dependents' all turned out to 
be highly significant (p-value < 0.05). They all decrease the disutility from the 
Payment attribute, and hence increase WTP for reduced-pesticide food. The notions 
that awareness of pesticide impacts on the environment significantly increases WTP 
for food with less or no pesticides, is hardly controversial (Govindasamy and Italia, 
1998; Roosen et al., 1998; Foster and Mourato, 2000; Loureiro et al., 2002; Travisi 
and Nijkamp, 2004), or food safety (Misra et al., 1991; Roosen et al., 1998; Loureiro 
et al., 2002; Moon et al., 2002; Magnusson and Cranfield, 2005). The same applies 
the food purchasing habits, namely the tendency to buy organic food at least 
occasionally (Magnusson and Cranfield, 2005). Finally, responsibility for dependents 
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in the household has widely been found to increase WTP for less or no pesticides in 
food, as this is closely linked to food preparation and the perception of pesticides as 
posing risks to younger members of the family. 
On the other hand, `Intermediate Education', `High Education' and `Global 
Warming' all significantly increase the disutility of Payment, and hence decrease 
WTP for reduced-pesticide food. The results from the education interaction terms 
were somehow expected. Where Fu et al. (1999) find that WTP for food with less 
pesticide-induced cancer risks is likely to increase with increasing years of education, 
many more studies find that, on the contrary, higher, and especially college, 
education, seems to correlate with lower WTP for reduced-pesticide food (Misra et 
al., 1991; Eom, 1994; Govindasamy and Italia, 1998; Dosman et al., 2001). This is 
explained by the fact that consumers with higher levels of education may better 
understand risks underlying pesticide use in food production, and hence know how to 
avoid or mitigate these risks. Alternatively, many of these respondents might be well- 
grounded in the scientific uncertainties underlying pesticide risks, and hence would 
be more reluctant to pay any substantial premium for what he would perceive as low- 
probability and uncertain risks (Eom, 1994). Finally, respondents who think that 
pesticide use is an issue of less concern than global warming, have acted consistently 
with this belief, and expressed lower WTPs compared to respondents who think that 
pesticides are at least as important as global warming, if not more important. 
As to the `Food Safety' experiment, results are similar to the `Environmental Safety' 
experiment. Again, `Environment', `Food Safety', `Dependents', `Occasional 
Organic' and `Frequent Organic' all return highly significant and positive Payment 
interaction parameters. This means that like in the `Environmental Safety' 
experiment, these respondent characteristics significantly increase WTP for reduced- 
pesticide food, and highly significantly at that (p-value < 0.05). In addition, the 
`Labour' parameter turns out to be significant, but only at the 0.10 significance level. 
This result conforms with the findings from Dosman et al. (2001), whose study of the 
socioeconomic determinants of health- and food safety-related risk perceptions finds 
that conservative voters tend to view the world as less risky compared to reformist 
voters. It is safe to assume that such perceptions will translate into higher WTP for 
reduced-pesticide food on the part of respondents who vote for reformist parties, such 
as Labour. 
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On the other hand, the `Global Warming' parameter turns out to be highly significant 
and negative, as is the case in the `Environmental Safety' experiment. In addition, the 
`Age' and `Income' parameters turn out to be significant, the first at the 0.05 
significance level, and the second at the 0.10 significance level. As far as age is 
concerned, some studies suggest similar results in that older respondents are willing 
to pay less for reduced-pesticide food (Govindasamy and Italia, 1998; Moon et al., 
2002). 
Surprisingly, higher income significantly increases the disutility from Payment. This 
is rather unexpected, and is inconsistent with the predictions of welfare theory. A 
distant support for this finding was found in Dosman et al. (2001), who argues that 
higher income is correlated with higher education, and highly educated respondents 
are likely to be more sceptical about potential pesticide risks to the environment and 
food safety, or otherwise are better informed about ways to mitigate these risks if 
present. However, the application of this thesis remains speculative in the context of 
pesticide usage in food. On the other hand, more relevant valuation studies that 
involve CEs to value the reduction of pesticide risks (Roosen et al., 1998; Fu et al., 
1999; Foster and Mourato, 2000; Travisi and Nijkamp, 2004) establish a positive 
effect of respondents' incomes on WTP for reduced or no pesticide food. Other 
studies looking into WTP for eco-labelled food, or food certified for being grown 
under reduced or no pesticide regimes, generate similar results (Loureiro et al., 2002; 
Magnusson and Cranfield, 2005). Moreover, a `willingness-to-purchase' study by 
Govindasamy and Italia (1998) reports similar results, whereby consumers with 
higher incomes are more likely to purchase IPM grown produce. All these results 
seem to cast doubts on the theoretical validity of the model estimates. More on this 
issue later. 
6.3.2. The LCM estimation 
After the standard CL estimations, two LCMs were estimated for each CE: one with 
two classes (LCM-2) and one with three classes (LCM-3). Parameter estimates for the 
LCM with more than three classes will not be reported here, since the number of 
segments should preferably not exceed that of the number of choice sets presented to 
each respondent (Greene, 2002b). Such specifications were actually attempted and 
yielded some parameters and standard errors which were unreasonably large. These 
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Table 6.10 LCM estimates for the `Environmental Safety' experiment 
LCM-1 (Linear CL) LCM-2 LCM-3 
Variable Coeff. SE P-value Coeff. SE P-value Coeff. SE P-value 
Payment I1 
Green I1 
Insecticide 11 
Herbicide I1 
Fungicide I1 
Payment 12 
Green 12 
Insecticide 12 
Herbicide 12 
Fungicide 12 
Payment 13 
Green 13 
Insecticide 13 
Herbicide 13 
Fungicide 13 
Pr(Segment 1) 
Pr(Segment 2) 
Pr(Segment 3) 
Pseudo R2 
Log likelihood 
LR 
AIC 
BIC 
-1.755 0.272 0.000 
0.776 0.059 0.000 
0.667 0.215 0.002 
0.280 0.202 0.167 
0.622 0.196 0.001 
0.1069 
-1235.25 
2480.50 
1253.10 
-3.152 0.373 0.000 
1.043 0.066 0.000 
0.833 0.231 0.000 
0.255 0.216 0.240 
0.819 0.214 0.000 
2.695 0.743 0.000 
-0.617 0.205 0.003 
-0.267 0.671 0.691 
1.438 0.601 0.017 
-0.560 0.636 0.378 
0.836 0.026 0.000 
0.164 0.026 0.000 
0.1330 
-1199.25 
72.01 0.000 
2420.50 
1238.51 
-2.844 0.491 0.000 
1.718 0.142 0.000 
1.575 0.322 0.000 
0.180 0.303 0.553 
1.466 0.311 0.000 
-4.952 0.640 0.000 
0.561 0.110 0.000 
-0.418 0.399 0.295 
1.017 0.356 0.004 
0.511 0.345 0.138 
3.061 0.777 0.000 
-1.104 0.254 0.000 
-0.453 0.802 0.572 
1.903 0.724 0.009 
-1.312 0.786 0.095 
0.586 0.042 0.000 
0.260 0.038 0.000 
0.154 0.024 0.000 
0.1566 
-1166.55 
137.40 0.000 
2367.10 
1227.23 
Number of respondents (N) = 420. Number of observations (T) = 1260 
resulting parameter estimates are listed in Table 6.10 above and Table 6.11 below, 
along with their corresponding AIC and BIC. For ease of comparison, the one- 
segment LCM, which in fact is the linear CL, is also included. Two LR tests were 
conducted to test whether the improvements brought about by LCM-2 and LCM-3 
over the linear CL were significant, and the x2 (LR) statistics are also reported in the 
tables along with their p-values. Note that RPL estimation was also attempted, but 
failed to converge at a number of simulation draws higher than 20. Indeed the 
typically recommended number of draws is orders of magnitude higher, e. g. 1000 
(Greene, 2002b). 
The results show that in both CEs, the LCM-3 specification is superior to both the 
LCM-2 and linear CL specifications. All the indicators (minimum AIC, minimum 
BIC and likelihood ratio test) support this conclusion. This establishes the presence of 
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Table 6.11 LCM estimates for the 'Food Safety' experiment 
Linear CL (LCM-1) LCM-2 LCM-3 
Variable Coeff. SE P-value Coeff. SE P-value Coeff. SE P-value 
Payment I1 
Green I1 
Insecticide I1 
Herbicide I1 
Fungicide I1 
Payment 12 
Green 12 
Insecticide 12 
Herbicide 12 
Fungicide 12 
Payment 13 
Green 13 
Insecticide 13 
Herbicide 13 
Fungicide 13 
Pr(Segrpent 1) 
Pr(Segment 2) 
Pr(Segment 3) 
Pseudo R2 
Log likelihood 
LR 
AIC 
BIC 
-0.173 0.029 0.000 
0.805 0.061 0.000 
0.478 0.208 0.021 
0.361 0.196 0.065 
0.311 0.200 0.120 
0.1179 
-1220.10 
2450.20 
1237.95 
-0.515 0.048 0.000 
1.150 0.071 0.000 
0.982 0.236 0.000 
0.405 0.224 0.070 
0.153 0.228 0.500 
0.170 0.045 0.000 
0.725 0.150 0.000 
-0.318 0.370 0.389 
0.952 0.350 0.007 
1.281 0.339 0.000 
0.739 0.028 0.000 
0.261 0.028 0.000 
0.1776 
-1137.52 
165.16 0.000 
2297.04 
1173.76 
-1.126 0.140 0.000 
0.277 0.166 0.095 
-1.091 0.615 0.076 
1.143 0.486 0.019 
2.304 0.574 0.000 
-0.417 0.051 0.000 
1.880 0.094 0.000 
2.132 0.304 0.000 
1.101 0.276 0.000 
-0.541 0.268 0.043 
0.254 0.052 0.000 
0.512 0.162 0.002 
-0.785 0.436 0.072 
0.557 0.408 0.173 
1.715 0.384 0.000 
0.280 0.032 0.000 
0.494 0.037 0.000 
0.226 0.025 0.000 
0.2047 
-1100.05 
240.11 0.000 
2234.10 
1160.73 
Number of respondents (N) = 420. Number of observations (T) = 1260 
preference heterogeneity in the population with respect to reduced pesticide usage. 
Further, segment -membership probabilities all turned out to be significant in both 
experiments. As to the parameters of the LCM-3 segment-specific utility functions, 
11 out of 15 were significant in the `Environmental Safety Experiment', while 14 out 
of 15 were significant in the `Food Safety' experiment. This further testifies to the 
high explanatory power of the LCM-3 model in both CEs. Note, however, that the 
LCM-3 performs better with the `Food Safety' than the `Environmental Safety' 
experiment. A closer look at the segment probabilities in each CE shows that in the 
fruits and vegetables CE, these probabilities spread more evenly over the three groups 
than the bread CE. This could be suggested as an explanation for the better fit in the 
fruits and vegetables CE, which makes more urgent the requirement that model 
estimation accounts for heterogeneity. In contrast, it could be argued that in the 
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`Environmental Safety' CE, not accounting for heterogeneity would not compromise 
the explanatory power to the same extent, since only lower-probability segments will 
be overlooked. 
The LCM specification sheds some light on an interesting aspect of respondent 
behaviour. In both experiments and LCM specifications (LCM-2 and LCM-3), one 
segment has a positive and significant payment parameter. If taken at face value, this 
suggests a preference for higher prices. One way to interpret this seemingly irrational 
preference is to propose that a category of consumers actually views higher food 
prices as an indicator of higher quality. Thus, in the case at hand, this category would 
view more expensive food items as safer to the environment or to health, or both. It 
remains to identify which socioeconomic and attitudinal characteristics would most 
likely describe this type of consumers. An alternative explanation would resort to the 
hypothetical nature of choice cards and indeed to `yea-saying' (Blarney et al., 1999). 
Again, in this case, one would suspect that yea-saying itself is motivated by 
underlying individual-specific characteristics or patterns of consumer behaviour. 
Furthermore, it is clear that if this is the case, the LCM specification could therefore 
be an efficacious test for yea-saying which other specifications, such as the standard 
CL, would fail to detect, especially if the proportion of yea-sayers is relatively small. 
In any case, it was suspected that the causes underlying such segment behaviour 
would relate to response patterns. Regardless of whether these causes reflect 'yea- 
saying' or `true' commitment to certain morally desirable food characteristics (at the 
cost of price considerations), the ways in which these factors are revealed would be 
analogous. To investigate these underlying causes, an individual-specific dummy 
variable, All No Pesticides, was constructed for each CE. This dummy would be equal 
to one if the option chosen in all the three choice cards was No Pesticides, and to zero 
otherwise. A simple logit was then estimated to explain the probability of the 
occurrence or not of All No Pesticides in terms of socioeconomic and attitudinal 
variables, and the estimates are presented in Table 6.12 below. The results clearly 
show that the commitment to `No Pesticide' options is to a great extent shaped by 
pro-environment and food safety stances and attitudes (Blarney et al., 2002). This can 
be inferred from the significant and positive parameters for the `Environment', `Food 
Safety' and `Frequent Organic' dummies in both experiments (see Table 4.3 above 
for a detailed description of these dummy variables). On the other hand, holding an 
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Table 6.12 The logic model explaining All No Pesticides in terms of individual-specific variables 
Variable 
Bread and Environmental Safety 
Coeff. SE P-value 
Fruits & Vegetables and Food Safety 
Coeff. SE P-value 
Constant -5.515 1.105 0.000 -3.209 0.987 0.001 
Female 0.267 0.309 0.386 0.047 0.310 0.880 
Income 1.614E-05 1.047E-05 0.123 -5.159E-06 1.037E-05 0.619 
Environment 2.201 0.672 0.001 1.955 0.617 0.002 
Food Safety 3.135 0.627 0.000 3.005 0.559 0.000 
Age 0.019 0.012 0.130 -0.014 0.012 0.256 
Couple -0.172 0.376 0.647 0.032 0.371 0.932 
Dependents 0.620 0.357 0.083 0.567 0.348 0.104 
Int. Education -1.253 0.354 0.000 -1.112 0.361 0.002 
High Education -0.586 0.471 0.213 -0.223 0.460 0.628 
Occasional organic 0.620 0.343 0.071 0.411 0.345 0.234 
Frequent organic 1.624 0.397 0.000 1.458 0.392 0.000 
Labour 0.083 0.402 0.836 0.336 0.401 0.402 
Conservative 0.016 0.403 0.969 0.040 0.412 0.923 
Liberal Democrat 0.325 0.483 0.500 0.556 0.480 0.246 
Global Warming -0.539 0.451 0.232 -0.477 0.442 0.281 
Log likelihood -149.19 -150.09 
Number of respondents (N) = 420. 
A-level or college qualification as the highest educational achievement, coded by `Int. 
Education', significantly decreases the probability that the respondent in question is 
committed to `No Pesticides'. This contrasts with highly-educated respondents - 
`High Education' - which parameter is insignificant in both CEs, in concordance with 
the CL-P model estimates of the `Food Safety' CE (but not the `Environmental 
Safety' CE). This means that highly educated respondents are less likely to be 
committed to `No Pesticides' options compared to those with an intermediate 
education level. Therefore it seems that a high educational background (university 
degree) endows respondents with the necessary knowledge to become sceptical about 
the claimed benefits in food and environmental safety from pesticide reduction. 
Hence they would attach more relative weight to price considerations. On the other 
hand, respondents with an intermediate education are more likely to lack the 
necessary analytical skills to rationalise their preferences for pesticide reduction than 
highly educated respondents. This is despite such respondents being more exposed to 
pesticide issues than respondents with basic education. Therefore, these respondents 
are more prone to inflate pesticide risks, and subsequently to express what is termed 
`symbolic responses' like the ones coded for by All No Pesticides. 
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Table 6.13 GLS regression estimates for the system of logistically transformed individual-specific 
segment probabilities 
Bread and Environmental Safety Fruits & Vegetables and Food Safety 
Variable Coeff. SE P-value Coeff. SE P-value 
Segment = 1: 
Constant 0.197 0.176 0.263 -2.482 0.322 0.000 
All Green 0.420 0.275 0.127 -0.030 0.475 0.949 
All No Pesticides 0.476 0.326 0.144 -2.483 0.598 0.000 
Segment = 2: 
Constant -1.523 0.192 0.000 -0.311 0.212 0.143 
All Green -0.213 0.300 0.478 0.172 0.313 0.583 
All No Pesticides -1.832 0.355 0.000 -0.319 0.394 0.418 
Segment = 3: 
Constant -4.369 0.231 0.000 -2.918 0.256 0.000 
All Green -0.648 0.362 0.073 -0.621 0.377 0.100 
All No Pesticides 1.453 0.429 0.000 2.234 0.475 0.000 
Log Likelihood -2763.33 
Number of respondents (N) = 420 
-2965.38 
Next, the LCM-3 unconditional individual-specific segment probabilities are derived 
and logistically transformed for both CEs. A system of equations is then estimated to 
explain these probabilities in terms of a constant, All No Pesticides, and another 
dummy variable - All Green - that assumes a value of one if the respondent selects 
the `Green' option in all three choice cards, and zero otherwise. Following the 
seemingly unrelated regression equations (SURE) model described in Greene 
(2002a), the generalised least squares (GLS) estimates are derived and are presented 
in Table 6.13 above. To investigate the potential for yea-saying, the discussion will be 
limited to the third segment (Segment 3) in both CEs, as yea-saying is probably 
highly correlated with the membership of this segment. As was expected for both 
choice experiments, the chance of belonging to the positive-price-parameter segment 
is significantly increased by the commitment to the `No Pesticides' options 
represented by the All No Pesticides variable. The opposite significantly occurs if 
respondents are committed to `Green' options (All Green), though the parameter 
estimates are much smaller than those for All No Pesticides. 
It is proposed that what motivates this strong commitment to `No Pesticides' options, 
is the strong bias on the part of some respondents to a technology shift. In contrast, 
`Green' options relate to a gradual decrease in the current pesticide usage within the 
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Table 6.14 Summary statistics for the sub-samples of respondents committed to `No Pesticides' 
options 
Variable Overall 
Bread and 
Environmental Safety 
Mean P-value 
Fruits & Vegetables 
and Food Safety 
Mean P-value 
Female (%) 54.8 58.5 0.530 57.9 0.614 
Income (£lyear) 29801 29890 0.966 28697 0.603 
Environment (%) 19.5 19.5 0.998 17.1 0.623 
Food Safety (%) 41.7 76.8 0.000 77.6 0.000 
Age (years) 51.3 56.1 0.014 52.7 0.511 
Couple (%) 75.0 76.8 0.726 75.0 1.000 
Dependents (%) 31.0 32.9 0.725 35.5 0.431 
Int. Education (%) 39.0 23.2 0.006 23.7 0.011 
High Education (%) 21.0 14.6 0.191 18.4 0.616 
Occasional Organic (%) 37.1 42.7 0.346 39.5 0.700 
Frequent Organic (%) 14.8 32.9 0.000 32.9 0.000 
Labour (%) 28.6 26.8 0.749 28.9 0.947 
Conservative (%) 28.8 31.7 0.599 28.9 0.981 
Liberal Democrat (%) 14.5 14.6 0.979 15.8 0.775 
Global Warming (%) 24.5 12.2 0.014 13.2 0.030 
N 420 82 76 
existing agricultural technology, or at least this is how it would be perceived by many 
respondents. Therefore, this indicates that improvements within the context of a 
current polluting technology are more likely to be weighed against price increases, 
while a desirable wholesale shift away from this technology is more likely to 
dominate the price effect. Thus, the correlation between positive price parameters in 
one latent segment and a certain survey response pattern is symptomatic of yea- 
saying. 
Given the above assumptions, a simple way to deal with this problem of yea-saying 
effects is to discard all observations made by respondents who always chose `No 
Pesticides' options, and then re-estimate the LCM models. Table 6.14 above reports 
summary statistics for the two excluded sub-samples, and compares these values with 
the overall sample by conducting two-tailed, two-sample, t-tests with equal variances. 
It should also be noted that 59 respondents have been committed to `No Pesticides' 
options in both CEs. This means that this commitment is highly correlated across the 
two choice exercises, and hence the similarities in most figures, but also that a 
substantial number of respondents committed in one context are not committed in the 
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other (23 and 17 in the `Environmental Safety' and `Food Safety' experiments 
respectively). 
The two sub-samples are not significantly different from the main sample with 
respect to most covariates: 10 out of 15 in the `Environmental Safety' CE, and 11 out 
of 15 for the `Food Safety' CE. This said, it is clear that membership to these two 
sub-samples is partly the result of self-selection on the part of some respondents with 
certain characteristics. This is the case with the `Food Safety', `Intermediate 
Education', `Frequent Organic' and `Global Warming' covariates, in both 
experiments. Respondents who have an intermediate education level and who think 
the pesticide problem is less important than global warming are less likely to be 
committed to `No Pesticides' options, while those who are sensitive about food safety 
and frequently shop for organic food are more likely to be more committed. 
Differences between means for all four covariates, and in both CEs, are highly 
significant, with p-values less than 1% except for `Global Warming' in the `Food 
Safety' CE, which is only significant at the 5% significance level. Interestingly, in the 
`Environmental Safety' CE, `Age' significantly affects the likelihood of commitment 
to `No Pesticides', while having no significant effect in the `Food' Safety' CE. Being 
older highly significantly increases the commitment likelihood. 
It is worth noting that despite all these significant differences in the excluded 
samples, the means of the `purged' samples in both CEs are generally within 10% of 
the corresponding `overall' means. The only exceptions are: 
" the percentages of `Food Safety' respondents in the purged samples, which are 
20% lower in the `Environmental Safety' CE (becoming 33%), and 19% lower in 
the `Food Safety' CE (becoming 34%), 
" the percentages of `Frequent Organic' respondents in the purged samples, which 
are 30% lower in the `Environmental Safety' CE (becoming 10%), and 27% 
lower in the `Food Safety' CE (becoming 11%), and finally 
" the percentage of `Global Warming' respondents in the purged sample of the 
`Environmental Safety' CE, which is 12% higher (becoming 28%). However, this 
is not the case with the `Food Safety' experiment. 
The LCM model estimates after purging are presented in Table 6.15 below. Note that 
the parameter and standard error values in the table are not the actual maximum 
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Table 6.15 Post-exclusion LCM estimates for the `Environmental Safety' and the `Food Safety' CEs 
Bread and Environmental Safety Fruits & Vegetables and Food Safety 
Variable Coeff. SE P-value Coeff. SE P-value 
Payment I1 -1.000 0.151 0.000 -1.000 -0.170 0.000 
Green 11 0.495 0.042 0.000 5.963 -0.316 0.000 
Insecticide 11 0.307 0.090 0.001 3.101 -0.972 0.001 
Herbicide 11 0.220 0.089 0.013 3.252 -1.028 0.002 
Fungicide 11 0.373 0.090 0.000 -1.034 -0.951 0.277 
Payment 12 -1.000 0.148 0.000 -1.000 -0.102 0.000 
Green 12 0.104 0.019 0.000 0.508 -0.115 0.000 
Insecticide 12 -0.362 0.070 0.000 -0.860 -0.385 0.026 
Herbicide 12 0.483 0.071 0.000 0.722 -0.333 0.030 
Fungicide 12 0.140 0.058 0.016 1.740 -0.373 0.000 
Payment 13 -1.000 0.254 0.000 - - - 
Green 13 0.456 0.051 0.000 - - - 
Insecticide 13 0.917 0.189 0.000 - - - 
Herbicide 13 -1.111 0.181 0.000 - - - 
Fungicide 13 0.201 0.154 0.192 - - - 
Pr(Segment 1) 0.517 0.051 0.000 0.678 0.038 0.000 
Pr(Segment 2) 0.198 0.038 0.000 0.322 0.038 0.000 
Pr(Segment 3) 0.284 0.055 0.000 - - - 
Pseudo R2 0.2843 0.3369 
Log likelihood -796.51 -751.09 
Respondents (N) 338 344 
Observations (T) 1014 1032 
Likelihood estimates. Rather, parameters for Payment were re-scaled to -1 in each 
segment, and the remaining attributes and standard errors were adjusted 
proportionately. The new values make it easier to interpret parameters, since in 
practise, these latter will be equal in value to the attribute partworths. In the case of 
pesticide reduction attributes, these partworths are by coincidence equivalent in 
magnitude to the WTP for a 100% reduction of the pesticide in question, since the 
marginal value which pertains to a unit proportion reduction in pesticide also happens 
to correspond to 100%. 
While the `Environmental Safety' experiment did yield LCM-3 estimates, the `Food 
Safety' experiment only yielded LCM-2 estimates. The LCM-3 estimation actually 
failed to converge. It can be speculated that unlike in the `Environmental Safety' 
experiment, the 2-segment model is a more appropriate specification for the fruits and 
vegetables experiment. However, further investigation is needed in order to 
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substantiate this speculative claim. Another possibility worth exploring is that this 
failure to converge is due to a limitation in the estimation algorithm in NLOGIT 3.0. 
Indeed the data manipulation described above did result in the desirable outcome. 
Both LCM models had negative and significant payment parameters in all their 
segments. This result concords with prior expectations of price parameter signs, and 
with the theoretical predictions regarding consumer behaviour. Whether this method 
does away with all irrational responses induced by the hypothetical nature of the 
survey, and only with such responses, needs to be further investigated. What are 
advanced here are the rudiments of an approach to detect and mitigate yea-saying, the 
potential development of which is left for future research. This said, some evidence 
in support of the validity and robustness of this approach in answering yea-saying can 
be produced in the case of the `Food Safety' CE. On the one hand, the proportion of 
the respondents excluded from the second LCM-2 estimation (18.1%; see Table 6.15 
above) is comparable to the third segment probability in the LCM-3 estimation, prior 
to this exclusion (22.6 %; see Table 6.11 above). On the other hand, the magnitudes 
of the parameters in the first 2 segments of the `pre-exclusion' LCM-3, and the two 
LCM-2 segments following this exclusion, are fairly similar, and the signs are 
identical. In addition, the ratios of segment probabilities are also similar for both 
specifications (1.8 in the pre-exclusion LCM-3 compared to 2.1 in the post-exclusion 
LCM-2). 
One could argue, however, that the segment of yea-sayers could have been identified 
and discarded simply by eyeballing the data in search for respondents who always 
chose the `No Pesticides' option. It is an intuitive notion that the avoidance altogether 
of pesticides, even where such an option is the most expensive, is symptomatic of 
yea-saying. In the last analysis, the latent class analysis informed the decision to 
discard this type of responses, whose response pattern is already conspicuous upon 
direct inspection of the choice data. This argument becomes even stronger with larger 
panels of choice tasks per respondent, where the conclusion that commitment to `No 
Pesticides' options is a symptom of yea-saying can be made with more confidence 
simply from looking at the response data. However, it is argued here that the LCM 
gives a more solid analytical grounding for the decision to drop the alleged segment 
of yea-sayers. While, as suggested above, the tentative identification of yea-saying 
can be easily undertaken without resorting to the latent class analysis, this latter can 
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Table 6.16 Post-exclusion GLS estimates for the system of logistically transformed individual segment 
probabilities for the `Environmental Safety' CE 
Variable 
Segment 1 
Coeff. P-value 
Segment 2 
Coeff. P-value 
Segment 3 
Coeff. P-value 
Constant -0.855 0.278 -2.517 0.004 -1.239 0.008 
Female -0.007 0.983 0.533 0.118 -0.165 0.372 
Income -1.47E-05 0.128 1.627E-06 0.878 6.008E-06 0.298 
Environment 0.396 0.313 0.338 0.432 -0.488 0.037 
Food Safety 0.495 0.140 -0.087 0.812 -0.135 0.499 Age 0.011 0.276 -0.018 0.119 0.005 0.418 
Couple 0.235 0.505 -0.249 0.518 -0.099 0.636 
Dependents -0.221 0.501 -0.027 0.941 0.274 0.161 
Int. Education -0.169 0.624 0.092 0.808 0.154 0.452 
High Education 0.197 0.659 -0.026 0.957 -0.037 0.890 
Occasional Organic 0.587 0.056 -0.679 0.044 -0.328 0.074 
Frequent Organic 0.476 0.324 0.015 0.978 -0.816 0.005 
Labour -0.170 0.649 0.504 0.220 -0.198 0.375 
Conservative -0.696 0.076 1.099 0.011 0.098 0.675 
Liberal Democrat -0.178 0.701 0.798 0.117 -0.239 0.388 
Global Warming 0.217 0.514 -0.066 0.856 0.038 0.848 
Log Likelihood -2035.325 
Number of respondents (N) = 338 
Table 6.17 Post-exclusion GLS estimates for the system of logistically transformed individual segment 
probabilities for the `Food Safety' CE 
Variable 
Segment 1 
Coeff. P-value 
Segment 2 
Coeff. P-value 
Constant 1.652 0.066 -1.652 0.066 
Female -0.375 0.286 0.375 0.286 
Income -1.197E-05 0.282 1.197E-05 0.282 
Environment -0.218 0.627 0.218 0.627 
Food Safety 0.344 0.369 -0.344 0.369 Age 0.006 0.621 -0.006 0.621 
Couple 0.511 0.205 -0.511 0.205 
Dependents -0.185 0.620 0.185 0.620 
Int. Education -0.634 0.102 0.634 0.102 
High Education -0.015 0.976 0.015 0.976 
Occasional Organic 0.361 0.303 -0.361 0.303 Frequent Organic -0.113 0.835 0.113 0.835 
Labour 0.021 0.961 -0.021 0.961 
Conservative -0.126 0.774 0.126 0.774 
Liberal Democrat -0.293 0.577 0.293 0.577 
Global Warming 0.155 0.685 -0.155 0.685 
Log Likelihood 1418.354 
Number of respondents (N) = 344 
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be a powerful tool for the validation of the decision to drop a sub-set of the 
responses. Comparing model estimates before and after model restriction, and 
making sure that price parameter signs are negative for all the segments in the latter 
case, would be a means to verify that the estimated utility function is consistent with 
the expectations of welfare theory. Moreover, the LCM would offer a powerful tool 
for the verification of the hypothesis that yea-saying is only restricted to a sub- 
sample, or segment, of the population, rather than being a ubiquitous attitude in the 
population. 
To facilitate the interpretation of segment probabilities and utility functions presented 
in Table 6.15, individual-specific probabilities were derived for both CEs. Two SURE 
models explaining these probabilities in terms of socioeconomic and attitudinal 
characteristics were then estimated. The results are presented in Table 6.16 and Table 
6.17 above. Membership probabilities are significant for all segments in both CEs 
(see Table 6.15 above). Also, many parameters in the SURE models turn out to be 
significant. Moreover, using LCM estimation seems to be warranted by the fact that 
all the segment probabilities in the two CEs are larger than 15%, in addition to being 
significant. Therefore, not accounting for heterogeneity will result in considerable 
loss of explanatory power. 
The following two sections will interpret the segments for the `Environmental Safety' 
and `Food Safety' CEs respectively. 
6.3.3. The Bread and Environmental Safety experiment 
SEGMENT 1- GREEN CONSUMERS 
This segment makes up the majority of consumers (51.7%; see Table 6.15). 
Respondents in it seem to be motivated to a larger extent by the `Green' type of food. 
As argued earlier, this behaviour is akin to acting on a green environmental label out 
of altruistic motives (Blarney et al., 2001; Bjorner et al., 2004). This is clear from the 
significant Green partworth which is larger than the Insecticide, Herbicide and 
Fungicide partworths, unlike in the other two segments. However, interpreting the 
Green partworth as WTP or premium for food labelled `Green' can be very 
misleading. The state-of-the-world format of choice cards is not representative of real 
markets, nor were option types presented to respondents as ecolabels. The Green 
partworth indicates that consumers are ready to pay additional premiums for `Green' 
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or other ecolabels in addition to their WTP for pesticide reductions. Estimating 
accurately the value of such a premium will necessitate that larger choice sets 
representative of market brands be designed (Blarney et al., 2001). 
As to pesticide reduction, it is less of a concern relative to `Green' considerations, 
unlike the other two segments. This can be inferred from the relative partworths' 
weights. The Green partworth is not only the largest across segments, but it is also 
larger than any of the segment's pesticide partworths. On the other hand, pesticide 
partworth values are all positive and significant, and more or less evenly balanced 
across the three categories. This suggests that in this segment, respondents view 
negatively all pesticide classes and wish them to be reduced. However, these 
partworths are in the same ranking as the linear CL model estimated earlier (Table 
6.3), and the same remarks would apply in this case. Therefore, beyond the rubric 
`pesticides', preferences for each pesticide class remain highly subjective, despite all 
the background information provided. Most probably, respondents value their own 
understanding of pesticide risks rather than base their values on an informed 
assessment. Regardless of the motives, the partworths for each of the pesticide 
attributes amount to a considerable premium relative to the baseline price of a loaf. 
On average, respondents are willing to pay an extra 61%, 44% and 75% for the 
elimination of insecticides, herbicides and fungicides from cereal production, 
respectively. This amounts to a total premium of 180% for the elimination of all 
pesticides. Considering that a large proportion of the bread purchased in groceries 
costs more than 50p the loaf, this percentage might be much less for many consumers. 
As to the individual-specific variables affecting membership to this segment, the GLS 
estimates in Table 6.16 show that respondents who are occasional purchasers of 
organic food ('Occasional Organic') are more likely to belong to this segment than 
people who rarely or never purchase this type of food. Interestingly, this is not the 
case for `Frequent Organic' respondents. While `Frequent Organic' consumers are 
probably loyal to organic food, `Occasional Organic' consumers are probably more 
functional in their organic purchasing and would consider food with reduced 
pesticides ('Green') as a close substitute. On the other hand, `Conservative' 
respondents are less likely to belong to this segment. This is expected, since 
Conservative voters are more likely to view the world as less risky compared to 
reformist voters, and therefore are less willing to pay a premium for `Green' food. 
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SEGMENT 2- PRO-INSECTICIDE CONSUMERS 
This segment is the smallest among the three, but still makes up a substantial 
percentage of the sample (19.8%). While all partworths in it are highly significant, it 
is noteworthy that the partworth for Green (21% of baseline price) is now lower in 
value relative to the pesticide partworths in the segment, and compared to the Green 
partworths in the other two segments. This indicates a lower preference for food 
labelled `Green' compared to the other two segments. 
More interesting is the negative partworth for Insecticide, indicating a preference for 
increases in insecticide applications, and indeed a willingness to accept compensation 
(WTAC) for reduced insecticide usage. Rather than pay a premium, respondents in 
this segment will require that the price of a loaf of bread be reduced by 72.4% if 
pesticides are to be eliminated from UK cereal production. It seems that respondents 
in this segment value insecticide usage rather than reduction. Arguably, they think 
insecticide usage in cereals improves crop and bread quality. More certain is that this 
negative partworth reveals that answering choice cards was informed by the 
respondents' prior beliefs about pesticides, and were little influenced by the 
background information provided. On the other hand, Herbicide and Fungicide 
partworths are positive and significant, indicating a WTP for reductions in the use of 
these pesticide classes in cereals. Herbicide reduction seems to be more desirable than 
fungicide reduction, in view of the higher value for the Herbicide partworth (96% 
premium for its elimination from cereal production) compared to Fungicide (28.0% 
premium for elimination). Respondents are willing to pay a premium worth 52.2% of 
the baseline price for an all-out elimination of pesticide use from cereal production. 
As to the individual-specific characteristics explaining membership to this segment, 
the parameters that turned out to be significant at the 10% level were `Conservative' 
and `Occasional Organic' (see Table 6.16). The parameter `Conservative' was 
positive, meaning that Conservative voters are more likely to belong to this segment. 
Two explanations can be given. The first, which is the most obvious, is that 
Conservative voters are likely to belong to a segment of consumers not willing to pay 
high premiums for `Green' food. As argued for the first segment, this fits with the 
tendency of these respondents to view the world as less risky. The second, more 
speculative, can be related to the Insecticide negative partworth, and motivated by 
Conservative voters' stronger support for `traditional' farming. The parameter 
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`Occasional Organic' is negative, meaning that people who occasionally purchase 
organic food are less likely to belong to it as well. 
SEGMENT 3- ENVIRONMENT-INDIFFERENT CONSUMERS 
This segment is the second largest among the three segments, and accounts for 28.4% 
of consumer preferences. In it, the partworth for Green is not much lower than in the 
first segment (a premium of 91.2% in the former compared to 99.0% in the latter). 
Therefore, respondents in this segment seem to be comparably motivated to act on 
ecolabels as respondents likely to be in the first segment. As to the pesticide reduction 
attributes, the tendencies in the second segment are now reversed. Respondents are 
now favourable to increases in herbicide use, as testified by the negative and 
significant Herbicide partworth (WTAC). On the other hand, they are unfavourable to 
increases in insecticide use, whereby the positive and significant Insecticide 
partworth indicates a WTP for insecticide reduction. However, the magnitudes of 
these parameters warrant serious reservations, especially in the case of herbicides. In 
fact the WTAC for the elimination of herbicides from cereal production amounts to a 
222.2% reduction in the baseline price; in other words, respondents will expect to be 
paid for 61p for a herbicide-free loaf of bread! On the other hand, respondents are 
willing to pay a premium equal to 183.7% of the baseline price for an insecticide-free 
loaf. These two values are extreme, and should probably not be taken at face value. 
Their massive magnitudes are probably due to a serious lack of understanding of, or 
indifference to, pesticide risks, as well as a virtually total disregard for the pesticides 
background information. Finally, the partworth for fungicide reduction (Fungicide), 
though positive, is insignificant. This gives little evidence of a WTP for herbicide 
reduction among likely members of this segment. These estimates become much less 
extreme for an all-out elimination of pesticide use in UK cereal production. The 
premium that respondents are willing to pay for this elimination is virtually nil (less 
than 1p). This means that if WTP is only considered to be credible for pesticides as a 
whole and not the different classes, then respondents in this segment would be 
passively and solely motivated by ecolabelling, and wholly indifferent to pesticide 
reductions. Hence the segment label. The individual-specific determinants of 
membership to this segment seem to support this interpretation. The parameters that 
had significant, and negative, values were: `Frequent Organic', `Occasional Organic' 
and `Environment'. These three characteristics directly or indirectly pertain to 
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environmental awareness; respondents who are environmentally aware are thus less 
likely to be members of this segment. 
6.3.4. The Fruits and Vegetables and Food Safety' experiment 
SEGMENT 1- SAFETY-SEEKING CONSUMERS 
This segment is in many respects analogous to the first segment in the 
`Environmental Safety' experiment. On the one hand, it makes up the majority of 
respondents (67.8%). On the other hand, the highest partworth is captured by Green, 
both relative to the pesticide reduction partworths in the segment and to the second 
segment. The premium for Green actually amounts to 99.4% of the baseline weekly 
cost of the fruit and vegetable basket. Partworths for Insecticide and Herbicide are 
both significant and positive. This indicates that respondents are willing to pay 
premiums of 51.7% and 54.2% for insecticide and herbicide reduction, respectively. 
However, the partworth for Fungicide, though negative, is insignificant. The highest 
partworth being for herbicide rather than insecticide reduction, and respondents being 
indifferent to fungicide reduction, further supports the claim that many respondents 
partially disregarded the background information on pesticides. Insecticide reduction 
was expected to have the highest partworth, followed by fungicides and then 
herbicide. Therefore, these respondents relied to a great extent on their pre- 
conceptions of pesticides in order to make their trade off between different attributes. 
In any case, this segment's respondents were willing to increase their weekly 
expenditure on fruits and vegetables by 88.7% if pesticide use were to be eliminated 
from UK fruit and vegetable production. This means that respondents in this segment 
are highly concerned about food safety. 
The attempt to explain membership to this (and the second) segment is less 
satisfactory than for the `Environmental Safety' CE (see Table 6.17 above). To a 
large extent, this seems to be an artefact of the 2-segment specification for this 
experiment, which constrains parameter estimates in both segments to be equal in 
absolute value but opposite in sign. Thus, a parameter significant for one segment has 
to be equally significant for the second. Chances for this to happen are likely to be 
slim. 
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SEGMENT 2- SAFETY-INDIFFERENT CONSUMERS 
This segment accounts for almost a third of consumers. In it, partworths have much 
lower magnitudes compared to Segment 1. Moreover, and analogously to segments 2 
and 3 in the `Environmental Safety' CE, partworths for pesticide reduction/increase 
are generally predominant over the partworth for Green. The premium that 
respondents are willing to pay for this latter amounts to 8.5% of the baseline weekly 
cost. Interestingly, the partworth for Fungicide is positive and significant, and is the 
largest among all other pesticide reduction attributes. This indicates that likely 
members to this segment are most concerned about fungicide use, and are willing to 
pay a premium equal to 29.0% of the baseline weekly cost. While respondents are 
informed that fungicide use and insecticide use are the two pesticide classes most 
likely to leave residues in fruits and vegetables, they are also informed that 
insecticides pose more health risks. However, the segment's partworth for Insecticide 
does not reflect this information, and instead turns out to be significant but negative. 
This result suggests that respondents likely to be in this segment require that their 
weekly expenditure on fruits and vegetables be reduced by 14.3% in order to 
purchase insecticide-free food. Finally, the partworth for Herbicide turned out to be 
positive and significant, but much lower in value than that for fungicide reduction, 
and lower in absolute value than for Insecticide. The results show that in this 
segment, respondents have again disregarded information on different pesticide 
threats, and were selective at best. Again, these respondents seem to have relied on 
their own prior perceptions of what the role and threats posed by each pesticide class 
are. As to pesticides as a whole, respondents likely to belong to this segment are 
willing to pay a premium worth 10.0% of the baseline weekly expenditure in return 
for a fruit and vegetable basket produced under pesticide-free conditions. This 
premium is much lower than is the case in the first segment, suggesting that 
respondents in this segments are rather indifferent to pesticide reduction and its 
potential safety implications, in fruits and vegetables. Hence the segment label. 
6.3.5. The benefits of using LCMs 
In general terms, the LCM results and segment interpretations add to those obtained 
from the standard CLs. They explore in more details the determinants and 
implications of prior and subjective perceptions about pesticides and their potential 
impacts. These perceptions are often arbitrary, and are already indicated by the 
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different CL specifications. Following some (arguably strong) assumptions, the 
sources of yea-saying were identified, and the problem mitigated. The LCM 
estimation corroborates the finding in the standard CL estimations that consumers 
tend to disregard the information provided in the survey questionnaires on the 
potential impacts of pesticide classes on human health and the environment. The fact 
that partworths for the reductions of each of these classes are unequivocally 
significant confirms that consumers are, despite their disregard for the background 
information, at least consistent in their preferences for each class. The nature of the 
attitudinal and behavioural determinants of segment membership could not be fully 
elicited, given the survey design and its concern for conciseness. However, some 
limited success was met in that, and especially in the first experiment, the effects of 
some of the individual-specific data collected on segment membership could be 
identified. What is surely established is that at the broad level of `pesticide usage', 
consumers generally desire reductions in nationwide applications to occur, and are 
willing to pay considerable premiums for that. Needless to say, this WTP is motivated 
by the public's concern over the realisation of the potential negative impacts posed by 
these chemicals pollutants, even though these impacts are often hypothetical and 
uncertain. The haziness of these impacts does not prevent pesticide usage from being 
a public issue of concern in itself. 
6.4. Welfare Estimation 
6.4.1. Using bootstrapping techniques to approximate WTPs 
After completing the model estimations, the final stage was to generate welfare 
estimates. In this respect, the following points are worth noting: 
" The parameter estimates (whether CL or LCM) that will be considered for this 
final exercise are those obtained from the post-exclusion sample, as it is argued 
that these data would be more credible. 
" Since the hypothesis of diminishing marginal WTP to reduced pesticide usage 
could not be substantiated, inspecting the marginal WTP function for gradual 
reductions of nationwide applications would not be of great interest. Rather, WTP 
estimates for a limited number of pesticide scenarios seem to be more useful. 
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" Since partworths for reductions in each pesticide class seem highly subjective and 
to a large extent dominated by prior beliefs, pesticides are considered as a whole. 
Besides, partworths for the elimination of individual classes have already been 
discussed in the context of segments interpretations. Therefore, welfare estimation 
is based on across-the board reductions in nationwide pesticide applications. The 
potential limitations to such an approach should be noted, especially that policies 
aiming at reducing pesticide usage would be much more refined than such blanket 
reduction goals. However, an inquiry into more realistic pesticide reduction 
scenarios remains outside the scope of this study, as this work deals with 
consumers' attitudes and WTP. This exercise of generating welfare estimates is 
illustrative. 
" All these WTPs are based on the survey's payment vehicles. These are a standard 
800g sliced loaf of white bread in the case of environmental safety, and a weekly 
basket of fresh fruits and vegetables in the case of food safety. Given that Green 
partworths indicate a willingness on the part of consumers to act on ecolabels, it 
would be realistic to assume that reduced pesticide consumer goods would be 
ecolabelled in order to attract customers, as already discussed in section 2.6.1. 
However, the welfare estimates presented below are not based on ecolabelled 
products, and therefore might not capture any additional ecolabel-motivated 
premiums. As argued earlier, the reason for this is that the state-of-the-world 
format of the choice options and ASCs does not capture such premiums. This 
might be a limitation to this study, and is accounted for by discussing Green 
partworths and their weights in utility functions in sections 6.3.3 and 6.3.4 above. 
" Confidence intervals for the welfare estimates are done following a method 
similar to that described in Krinsky and Robb (1986) in the context of demand 
elasticities. Resampling, or bootstrapping, methods will therefore be used rather 
than linear approximations. WTP estimates (which are ratios of sums of 
parameters assumed to be drawn from a multivariate normal distribution), like 
elasticities, are "complex, non-linear functions of estimated parameters", and thus 
similar approaches to elasticity approximation are justified. 
The simulation exercise was executed using the software GAUSS 6.0. The method 
being computationally-intensive, the number of simulation draws was chosen to be 
500,000. This number satisfies two criteria. The first is that estimates of the same 
175 
WTP are equal between one simulation run and the next to the second decimal place. 
The second is that this simulation be completed within a reasonable time span. In the 
case of the standard CL model, welfare measures can be simulated following Hensher 
and Greene (2003). In each simulation draw, a nxl vector of parameters ß; 
(including n-1 attribute parameters and the payment parameter), is randomly drawn 
from the multivariate normal distribution of mean vector 0 and nxn variance- 
covariance matrix V. This is made possible through the Cholesky decomposition. V 
being a symmetric positive-definite matrix, there exists a matrix L, referred to as the 
lower triangular matrix (the Cholesky triangle), that satisfies the following: 
V=L"L' (4.6) 
Hence, 500,000 draws of ß; are generated as follows: 
P, =ß+L'µ (4.7) 
where µ is an nxl vector of identically and independently distributed (iid) standard 
normal deviates generated using a random number generator. WTP; ratios are then 
computed in each draw following equation 2.10. Once the simulations are completed, 
a point estimate of the population mean WTP can then be computed by averaging out 
the simulated values. 
In the case of LCM estimates, the same principle applies. The randomly drawn 
parameters vector ß, is now a snxl parameters vector (s being the number of 
segments, and n the number of segment-specific parameters), of mean ß and 
variance-covariance the now snxsn vector V. Therefore in each simulation draw, the 
randomly drawn parameter vectors are used to compute unconditional WTP, values 
following equation 2.28. Segment-membership probabilities are considered to be non- 
stochastic in the bootstrapping exercises, and were therefore forced to assume the 
fixed point estimate values. The reason for that is that these probabilities have to add 
up exactly to one, and introducing an error term to the bootstrapping exercise would 
compromise this condition. As to the 90% confidence intervals, their boundaries can 
also be derived by sorting the 500,000 simulated WTP; values in increasing order, in 
which case the 5th and the 95th percentiles will be an accurate approximation of the 
lower limit and the upper limit of the confidence intervals. 
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Table 6.18 Welfare estimates and their 90% confidence intervals for the `Environmental Safety' 
experiment 
WTP Reduction in pesticide usage (%) 
(f: /loaf) 10% 30% 50% 70% 90% 100% 
CL 0.04 0.13 0.21 0.30 0.39 0.43 
(0.04 - 0.05) (0.11- 0.14) (0.19 - 0.24) (0.26- 0.33) (0.34 - 0.43) (0.38 - 0.48) 
LCM-3 
All 0.04 0.15 0.26 0.36 0.46 0.51 
(0.04 - 0.06) (0.11- 0.19) (0.19- 0.32) (0.27- 0.44) (0.34- 0.57) (0.38 - 0.63) 
Segment 1 0.09 0.27 0.45 0.64 0.82 0.91 
(0.07- 0.11) (0.23 - 0.33) (0.38- 0.54) (0.53 - 0.76) (0.69- 0.98) (0.76 - 1.08) 
Segment 2 0.03 0.08 0.13 0.18 0.23 0.26 
(0.02 - 0.03) (0.06 - 0.09) (0.10- 0.16) (0.14- 0.22) (0.18- 0.28) (0.20-31) 
Segment 3 0.00 -0.01 -0.02 -0.02 -0.03 -0.04 
(-0.03-0.02) (-0.11-0.06) (-0.19-0.09) (-0.27-0.13) (-0.35-0.17) (-0.39-0.19) 
Number of respondents (N) = 338 
Table 6.19 Welfare estimates and their 90% confidence intervals for the `Food Safety' experiment 
WTP Reduction in pesticide usage (%) 
(; E/week) 10% 30% 50% 70% 90% 100% 
CL 0.24 0.72 1.21 1.69 2.17 2.41 
(0.18- 0.29) (0.55 - 0.88) (0.91 - 1.47) (1.28 - 2.05) (1.65 - 2.64) (1.83 - 2.93) 
LCM-2 
All 0.41 1.24 2.07 2.90 3.72 4.14 
(0.35 - 0.49) (1.05 - 1.46) (1.75 - 2.44) (2.45 - 3.41) (3.14 - 4.38) (3.49 - 4.87) 
Segment 1 0.54 1.61 2.68 3.75 4.81 5.35 
(0.44 - 0.64) (1.32 -1.93) (2.21- 3.21) (3.08- 4.50) (3.97- 5.77) (4.41 - 6.42) 
Segment 2 0.05 0.15 0.26 0.36 0.46 0.51 
(0.03 -0.07) (0.09 - 0.22) (0.15 - 0.37) (0.21- 0.52) (0.28 - 0.67) (0.31- 0.75) 
dumber of respondents (N) = 344 
6.4.2. WTP estimates 
For comparison, estimates from both the CL and LCM estimations were considered. 
For the latter model, segment-specific estimates were also derived. As argued in the 
previous section, these welfare estimates do not assume that food is labelled `Green'. 
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As evidenced by the Green partworths, and discussed in section 2.6.1, eco-labels 
might significantly influence WTP for reduced-pesticide food, and the assumption of 
eco-labelled products to indicate low-pesticide content is a reasonable one. 
Unfortunately, the current state-of-the-world format of choice scenarios is not 
appropriate for that, and the WTP estimates only account for the generic pesticide 
reduction attributes. Different nationwide reduction levels in pesticide usage, as well 
as their 90% confidence intervals, are tabulated in Table 6.18 and Table 6.19 above 
for the `Environmental Safety' and the `Food Safety' CEs respectively. 
The simulated WTP estimates are observed to increase with increasing pesticide 
reduction levels. The hypothesis of positive and significant public WTP for pesticide 
reduction in the UK is supported. In the balance, the British public is found to have 
negative attitudes towards pesticide use in UK food production in general, despite 
some segments viewing some pesticide classes favourably. Needless to say, these 
increases are (quasi-)linear, and marginal WTP is constant to increasing pesticide 
reduction levels. This linearity was actually imposed on the utility function by the CL 
model specification, as the hypothesis for decreasing marginal WTP was rejected (see 
section 6.3.1 above). The same applies to the LCM WTP estimates, as they are 
themselves a linear combination of CL WTPs. 
The LCMs consistently yielded larger unconditional WTPs than the CL models in 
both CEs. The LCM-3 estimates were larger than CL estimates by 18.6% in the 
`Environmental Safety' CE, while LCM-2 estimates went up to 71.8% in the `Food 
Safety' experiment. Some evidence for this tendency was found in partworths derived 
from model estimates in Greene and Hensher (2003) and Fu et al. (1999). The first 
carried out a CE in the context of travel time savings, and the second in the context of 
the valuation of health, environmental and GM attributes in food. Explaining this 
tendency was problematic nonetheless. Professor William Greene was contacted by 
email to enquire about this observation, but he could not think of any reason why it 
should be the case that LCMs yield higher WTP estimates than CLs. He also 
reckoned that the evidence presented in support of the presence of such a tendency 
was not enough to establish it. More research is therefore needed to explore this issue. 
`Green' and `Safety-Seeking' consumers in the `Environmental Safety' and the `Food 
Safety' CEs respectively (i. e. consumers belonging to the first segment in both tables) 
have the highest WTPs in general. This result is actually expected. These respondents 
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are not only motivated by `Green' eco-labels, but also have balanced and positive 
partworths for most or all pesticide reduction attributes. In the `Environmental Safety' 
CE, people are willing to pay a premium worth 90% of the baseline loaf price if 
pesticide applications in the UK were halved, and 180% if they were eliminated from 
cereal production. In contrast, `Pro-Insecticide' consumers had lower WTPs, whereby 
consumers' premium is 26% in extra of the baseline price if pesticide applications 
were halved, and 52% if they were eliminated from cereal production. As to 
`Environment-Indifferent' consumers', WTP was practically nil. Though mean WTP 
values for pesticide reduction levels equal to and higher than 30% are negative, 
confidence intervals include zero and positive values in a relatively large proportion. 
This probably means that the negative mean values are an artefact of the very small 
WTP magnitudes. As to the `Food Safety' CE, `Safety-Seeking' consumers are 
willing to pay a premium that amounts to 34.5% of the baseline price if pesticide 
application in UK horticultural production were halved, and 69% if they were 
eliminated. Contrast these values with the `Safety-Indifferent' consumers, whose 
premiums are only worth 4.3% and 8.5% of the baseline respectively. Indeed, these 
simulated WTP values support the population segmentation and interpretation carried 
out in sections 6.3.3 and 6.3.4 above. 
Comparing the two CEs, an interesting observation can be noted. Both the CL and 
unconditional LCM WTPs show that consumers are willing to pay higher premiums 
(in percentage terms) for environmental safety than food safety, assuming that these 
two concerns are embodied in bread and fruits and vegetables respectively. Again, 
this observation assumes that the survey design succeeded in restricting the 
respondents' attention to the environment in the first CE, and then to food safety in 
the second. Also, it is assumed that the difference in the order of magnitude between 
the payment vehicles in both CEs have no impact on the relative premiums. Evidence 
in the literature for WTP being higher for environmental than human safety is mixed. 
In Travisi and Nijkamp (2004), summing WTPs for the elimination of pesticide risks 
to both soil and biodiversity is larger than their elimination with respect to human 
health (yearly cases of poisoning). Indeed the WTP for the full abatement of soil 
contamination alone is higher than for human health. Similarly, Travisi et al. (2004) 
conduct a meta-analysis of the WTP pesticide risk reductions and find similar results. 
Unfortunately, the UK study by Foster and Mourato (2000) suggests the opposite; 
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that respondents are WTP higher premiums for human than environmental safety. 
Further research is therefore needed in the UK to investigate this issue. A strong 
caveat is warranted as regards the human health attributes in both studies. These 
attributes relate to cases of pesticide poisonings due to field exposure (Foster and 
Mourato, 2000; Mourato et al., 2000), or both field and domestic exposures (Travisi 
and Nijkamp, 2004). These attributes are categorically different from the human 
health `good' being valued in the `Food Safety' CE, which pertains to residues and 
their attached risks in food. Therefore any comparison between human health WTPs 
in these two studies and those derived from the `Food Safety' CE are going to be of 
very limited merit. 
These findings resonate with the welfare estimates generated from the MORI CE. The 
MORI CE actually shows that after accounting for mis-reporting, WTP for pesticide- 
free food is higher for environmental safety-concerned than for food-safety concerned 
individuals (although one could argue the large standard deviation would undermine 
this result). Thus a correlation between the two results can surely be supported here, 
even though the perspectives of the two surveys are different. The MORI CE actually 
estimates WTP for pesticide-free food, in which food safety and environmental 
concerns are confounded. It then differentiates these WTPs with respect to food 
safety-concerned and environmental safety-concerned respondents, among others. On 
the other hand, these two CEs do what in many ways is the opposite: they estimate for 
the same population WTPs that pertain to environmental safety and food safety 
respectively. 
Another observation can be made in comparing the two experiments. In the case of 
LCM estimates, the ratio of the unconditional WTP for pesticide elimination to the 
partworth for Green is larger in the `Environmental Safety' CE (1.26) than in the 
`Food Safety' CE (0.98). Results for the CL estimates are similar: 1.26 for the 
`Environmental Safety' CE as opposed to only 0.79 for the `Food Safety' CE. This 
seems to suggest that potential improvements to food safety are more likely to be 
apprehended through eco-labels that would substitute for `cumbersome' information 
on reduced pesticide levels. Conversely, an additional mental effort to apprehend 
potential environmental improvements is likely to be spent, given the more 
committed, altruistic and inquisitive nature of this concern. Respondents' choice in an 
environmental safety context is therefore more likely to be explained in terms of the 
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Table 6.20 Downward/Upward revision of WTP estimates as compared to those resulting from the 
model estimates prior to sample restriction 
Reduced Bread and Environmental Safety Fruits and Vegetables and Food Safety 
pesticide usage CL LCM-3 CL LCM-2 
Green -21.8% -7.5% -33.6% 673.0% 
Insecticide -48.7% 6.8% -55.9% -4.1% 
Herbicide -58.3% 1938.7% -56.6% -377.9% 
Fungicide -52.6% -29.7% -83.2% -92.0% 
Pesticide 
Reduction -52.0% -27.4% -63.5% -671.5% 
marginal pesticide reduction information than in a food safety context. 
Table 6.20 presents the impact of excluding All No Pesticides respondents from 
model estimation, by showing the percentage of downward (or upward) revision in 
the mean CL and LCM WTP estimates. In the case of CL estimates, sample 
restriction consistently resulted in a downward revision of WTP estimates, a revision 
that is more pronounced in the `Food Safety' than in the `Environmental Safety' CE. 
This offers another parallel with the MORI CE, whereby it supports the finding that 
downward revision in WTP for pesticide-free food resulting from the application of 
the UPMR model was higher with environmental safety-concerned than with food 
safety-concerned respondents. To reiterate a point made before, environmental safety- 
sensitive respondents seem to base their stated choices on a more careful inspection 
of the attribute trade-offs than food safety-concerned respondents, and their answers 
are therefore less prone to yea-saying, symbolic choices and mis-reporting. Similarly, 
WTPs for reductions in potential environmental risks are less susceptible to 
downward revision than health risks. 
On the other hand, one observes that the downward revision in both models is more 
pronounced in the case of the Green partworth than Insecticide, Herbicide, and 
Fungicide partworths and WTP for pesticide reduction in general. This can be 
explained by the fact that where yea-saying occurs, it is more likely to target pesticide 
reduction attributes of the product rather than the option type that mimics an ecolabel. 
Consumers are indeed unfamiliar with pesticide reduction attributes, and are unable to 
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recollect similar market products or situations that would assist them in completing 
their choice tasks. In contrast, they can probably draw many parallels between the 
Green ASC and one or another ecolabel they would have come across in the market, 
and to which they are likely to have formed attitudes and preferences. 
Unfortunately, the LCM welfare estimates did not enable the substantiation of this 
observation any further. This is probably because of the serious complications arising 
in both CEs in the derivation of pre-exclusion unconditional welfare estimates. This 
was due to the segments which had a positive price parameter, whether the model 
estimated is LCM-2 or LCM-3. WTP calculation will result in nonsensical segment- 
specific partworths, which in the case of desirable attributes (i. e. with positive 
parameters) will be negative. This means that whenever this segment's utility 
function indicates a positive utility contribution for the attribute in question, the 
partworth computation will paradoxically reveal a WTAC rather than a WTP. What is 
more, where such segments' probability is high, as in the case of the `Food Safety' 
CE where it reaches 26.1% (see LCM-2 in Table 6.11 above), this threatens to result 
in tiny or negative unconditional WTPs. This in turn yields the unstable and 
sometimes huge downward/upward revisions, as witnessed in Table 6.20 above. 
As to the import of this WTP study and its contribution to the literature on pesticide 
valuation in the UK, they will be contrasted with what remains the most relevant 
multidimensional CM study to date, namely Foster and Mourato (2000) and Mourato 
et al. (2000). Both are based on the same CE. In comparison, the WTP presented here 
and the ones presented in these two studies both relate to utility models with generic 
attributes accounting for quantitative environmental improvements that are used to 
describe food products. Due to the experimental design that explicitly labels options 
as `Standard', `Green' and `No Pesticides, the estimates presented here allow the 
disentanglement of preferences for such generic improvements from those for 
qualitative attributes, namely the Green ASC. This ASC is also directly relevant from 
a consumer behaviour perspective, as it indicates clearly that respondents are 
motivated to a great extent by ecolabels and product certification if these are made 
explicit. The work in Foster and Mourato (2000) and Mourato et al. (2000) avoids 
such labelling effects by using neutral options' headings, e. g. `Process A'. Indeed 
various model specifications with ASCs were attempted, and did not affect the 
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results, clearly showing that choices in this experiment were virtually totally 
determined by the generic attributes. 
WTP estimates from the `Environmental Safety', in particular, can be directly 
compared to the Foster and Mourato CE. In fact the payment vehicle is the same (a 
standard 800g sliced loaf of white bread), as is the case with the environmental 
dimension considered (decline in UK farmland birds). Though their CEs consider 
both health and environmental impacts, the `Environmental Safety' presented here 
only deals with the environmental impacts of pesticides. However, it can be very 
useful to compare values for improvements to biodiversity in their CE to the values 
for pesticide reduction in this CE. For that, it can be safely assumed that the WTPs 
(expressed in a percentage of the baseline loaf price of 60p) they generate for the 
elimination of pesticide impacts on UK farmland bird species, correspond in this 
environmental safety CE to the WTP for pesticide-free bread, or at least this is how 
these two descriptions are likely to be perceived by respondents. Thus comparing the 
WTP magnitudes for these two scenarios yields some valuable insights. The WTP 
Mourato et al. (2000) obtain for an elimination of pesticide risks to farmland birds in 
the UK amounts to a premium of 79%. In comparison, the WTPs derived here were 
similar in magnitude, whereby the LCM yields an estimate of 102% and the CL a 
lower 83%. These WTP estimates for environmental safety thus seem to support 
those obtained in Mourato et al., especially so for the CL. 
Another comparison worth drawing is one between the premiums they estimate for an 
elimination of pesticide risks to human health and the one derived from the `Food 
Safety' CE for a pesticide-free basket. In the former case, WTP amounts to 113% of 
the baseline price, while the LCM and CL in the latter case substantially reduce this 
premium to 69% and 40% respectively. However, such a comparison should be 
avoided, and risks mixing apples and oranges. The health premiums valued in Foster 
and Mourato and Mourato et al. pertain to farmer's health, while the WTP estimated 
in this study pertain to residues in food. The first has a dominant altruistic component, 
and values a `bad' that is limited to small sub-set of the population to which the 
majority of respondents are not likely to belong, while the second involves, among 
others, a personal risk to the respondent himself, and hence may reflect a mixture of 
personal and altruistic motivations. Therefore the two WTPs are different both in 
terms of the bads they value, and the type of the value they imply. 
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Finally, the WTP estimates in these two experiments seem to validate those obtained 
in MORI CE, at least in the case of the CL model. The overall premiums for a 
pesticide-free basket were actually found to be 149% and 97% of the baseline cost for 
the standard CL and the UPMR logit respectively. In comparison, equivalent values 
can be computed from the `Environmental Safety' and `Food Safety' CEs, by adding 
the premiums (normalised into percentages) for an elimination of pesticide usage in 
the UK. The resulting WTP can actually be considered to be equivalent to that in the 
MORI CE, as both would confound environmental and health concerns. In the case of 
the CL model, this premium turns out to be 126%, while in the case of the LCM, this 
value increases to 171%. Three concluding remarks can be made here. The first is that 
the WTP estimation carried out through this study was fairly robust to the type of 
survey design, payment vehicle, information given, econometric tool and model 
specification. The range of WTP variation is in fact satisfactorily narrow. The second 
is that where the LCM provided a superior tool to the CL model to detect yea-saying, 
symbolic choices and choice heuristics, the CL model gave more reasonable WTP 
estimates; lower in magnitude and closer to those obtained from the MORI survey 
and, in the case of environmental WTP, Mourato et al (2000). Some support for this 
observation has been found in the literature. Provencher and Bishop (2004) actually 
compare CL, LCM and RPL specification to investigate whether accounting for 
preference heterogeneity improves the forecasting of fishing trips in the USA. To 
their surprise, they find that by some measures the standard CL would do better in 
out-of-sample forecasts than the LCM or RPL. Their explanation for that has been 
discussed in section 2.8.2 above. Though their study focuses on choice rather than 
WTP, their observation might be relevant to the latter, as the two notions are closely 
related in random utility theory. What accounting for heterogeneity in LCMs (and 
RPLs) might be doing is to over-parameterise a utility function that is mis-specified 
by definition, hence `absorbing' any mis-specification bias. This leads to the third 
remark. Acknowledging the pros and cons in both models, it would probably be best 
to exploit any possible potential synergies between them. In this particular case, it is 
argued that the standard CL generated accurate welfare measures, but only after 
accounting for yea-saying, not to mention preference heterogeneity, using the LCM. 
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CHAPTER 7- CONCLUSIONS AND RECOMMENDATIONS 
7.1. Summary and Main Findings 
7.1.1. Problem, research questions and general methodology 
This research proposes a process-based CE approach to the valuation of the social 
benefits from reduced pesticide usage in the UK. This approach directly values WTP 
for reductions in pesticide usage, rather than WTP to reduce or avoid many of the 
potential pesticide impacts, as is the case in Foster and Mourato (2000), Mourato et 
al. (2000) and Travisi and Nijkamp (2004). Indeed the advantage of this approach is 
The WTPs generated by it are more readily transferable to the pesticide product and 
to the allocation process itself, avoiding many of the simplifying assumptions that 
needed when using WTP estimates from the impact-based approach (Foster et al., 
1998). An illustration of the use of these WTP estimates in the design of 
differentiated pesticide task is provided later in this chapter. 
In the process-based valuation approach, respondents had to value hypothetical 
pesticide reduction levels. Respondents' choice decisions were informed by the 
current scientific knowledge of the health and environmental impacts that different 
pesticide classes have in different arenas in the UK. Also, the survey was designed in 
such a way to allow disentangling the health and the environmental components in 
these stated WTPs. 
This study broadly sought to answer the following research questions: (i) that he 
process-based pesticide valuation scenario can yield `information-reflective' WTPs, 
(ii) the Bayesian Generalised CL model successfully detects and mitigates mis- 
reporting, and finally, (iii) that a segmentation approach to analysis, using the latent 
class model (LCM), can be used to detect and quantify the segment of `yea-sayers' in 
the sample of respondents 
As to the methodology followed in this study, two stated preference surveys were 
designed and conducted. In the first, a simple CV exercise was designed to measure 
the UK public's WTP for pesticide-free food. Respondents chose between a 
`Standard' and a more expensive `No Pesticides' weekly basket of food. This survey 
formed part of a large-scale nationwide survey conducted face-to-face and yielding 
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1934 workable responses. The design of this CV survey suffered from many 
weaknesses compromising its incentive compatibility properties, and questioning the 
validity of its WTP estimates. This provided an opportunity for the novel application 
of a generalised CL model that accounts for and mitigates hypothetical bias that was 
suspected to have resulted in overstated WTPs. Though this choice exercise was 
effectively a CV exercise, its responses were econometrically treated as pertaining to 
a CE, and hence were estimated in the conditional logit (CL) framework rather than 
the simple binary logit framework. This was done for methodological reasons, 
namely to propose a generalised CL model that can readily be extended to multi- 
alternative, multi-attribute CE formats. The Bayesian UPMR model investigated the 
extent and direction of mis-reporting. Models were estimated using Bayesian 
techniques. 
The second, main, survey had a more complex and multidimensional design, and was 
delivered by post yielding 420 workable responses. Respondents answered two CEs 
in order to disentangle WTP for environmental safety, in the first, from WTP for food 
safety, in the second experiment. Hence the first CE used bread as a payment vehicle 
to emphasize pesticides' alleged impacts on farmland birds in cereal production, 
while the second used fruits and vegetables to emphasize pesticides and their residues 
in fresh produce in horticultural production. Also, each CE attempted to disentangle 
preferences for the three broad pesticide classes: insecticides, fungicides and 
herbicides. In both CEs, choice cards consisted of a `Standard', `Green' (reduced 
pesticide) and `No Pesticides' options, of which respondents chose their most 
preferred. Again, the design of this multidimensional survey suffered from many 
shortcomings affecting its incentive compatibility properties, and questioning the 
validity of its WTP estimates. A latent class model (LCM) was hence employed to 
investigate, alongside preference heterogeneity, the existence of yea-saying among 
respondents, and a method was proposed to mitigate this problem. 
7.1.2. The MORI experiment 
The UPMR model resulted in a substantial downward revision of overall WTP 
estimates averaging 30% for all groups compared to the standard CL. This better 
conforms with hypothetical budget constraints given to respondents, and to prior 
expectations. This aside, the resulting UPMR estimates suggest that certain groups 
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such as older females, who classified themselves as either food-safety or 
environmental-safety sensitive, are willing to pay a premium worth 150% of the 
baseline cost for pesticide-free food. On the other hand, young, male and price- 
sensitive respondents are not willing to pay any premium for pesticide-free food, and 
perhaps even need compensation for that. The average for all groups suggested that 
people are willing to pay a premium of around 100% of the baseline price for 
pesticide-free food, compared to 149% in the standard CL specification. An estimated 
Bayes Factor of approximately 11.5 indicates a strong preference for the UPMR 
model. Mis-reporting parameters were also estimated. The first, ir, measures the 
proportion of respondents who reported their true preferences, and the second, A, the 
direction of mis-reporting in case it occurs. Mean estimates were 0.59 and 0.79 
respectively, suggesting that a substantial proportion of respondents mis-report their 
preferences, and most of them in favour of the pesticide-free option. This concurs 
with prior beliefs that respondents in stated preference surveys are likely to 
exaggerate their WTP for `Green' types of food products, especially where the design 
of the survey implement suffers from deficiencies that threaten to undermine its 
incentive compatibility properties. These deficiencies will be discussed later in this 
chapter. 
7.1.3. The multidimensional CE 
Comparing `linear' and `quadratic' in pesticide parameters specifications, the 
hypothesis of decreasing marginal WTP for pesticide reduction could not be 
supported. In both CEs, the linear specification yields significant (or nearly 
significant) and positive parameters for pesticide reduction attributes, and an even 
larger parameter for an ASC coding for the `Green' option. However, the ranking of 
these parameters in each CE does not seem to reflect scientific information on 
pesticide impacts. This suggests that these WTP's largely reflected prior beliefs, and 
relied on superficial cues in the provided information to state responses. CL 
specifications that condition the parameter Payment on individual-specific variables 
proved to be superior to the `basic' linear specification. Many individual-specific 
variables yield significant parameters with the expected sign, hence lending 
theoretical validity to the models. However, this theoretical validity is compromised 
by the fact that, contrary to the predictions of economic theory, the parameter for 
income is either insignificant ('Environmental Safety' experiment), or significant but 
187 
with a negative sign ('Food Safety' experiment), indicating a WTP that decreases or 
is unaffected by increasing income. 
LCM estimation is attempted for both CEs, and consistently yields segments with 
positive payment parameters. This problem is attributed to yea-saying, and 
respondents who always chose `No Pesticides' are suspected to be the main cause for 
that. Statistical tests seem to confirm this hypothesis. Therefore, All No Pesticides 
answers in both CEs are excluded from the sample, and the LCM models re- 
estimated. The problem of positive payment parameters thus disappears, and all 
segments turn out to have significant and negative payment parameters. In both CEs, 
a segment accounting for more than half of consumers seems to represent `Green' (in 
the `Environmental Safety' CE) or `Safety-Seeking' (in the `Food Safety' CE) 
preferences. In these segments, a high partworth is attached to the Green ASC, 
indicating that a substantial proportion of WTP for environmentally-friendlier or safer 
food is motivated by ecolabelling. Alternatively, this would again mean that 
respondents spent little effort to process the information provided them about 
pesticides, and rather, relied on superficial cues to make their choices, of which the 
alternative's title was one. The remaining segments in both CEs seem to be more 
indifferent to these eco-labels, and sometimes appear to favour the use of some 
pesticide classes. In balance, however, their composite partworths for the elimination 
of all pesticides from food production are much lower than the `Green/Safety- 
seeking' consumers. Therefore these segments would include consumers who are 
more indifferent to environmental and food safety issues. 
As to the welfare estimates for simulated pesticide reduction levels, the LCMs usually 
yield higher estimates than CLs. `Green' and `Safety-Seeking' consumers have the 
highest WTP in their respective CEs. WTP, expressed as a percentage of the baseline 
price, is higher in the environmental safety than in the food safety CE, suggesting that 
consumers are willing to pay higher premiums to improve the environment than food 
safety. Compared to Mourato et al. (2000), the CEs presented here yield substantially 
similar WTPs for environmental safety, and substantially lower for food safety. In 
Mourato et al., WTP for the elimination of pesticide risks to biodiversity is estimated 
at 79% of the baseline price, compared to 102% and 83% for the LCM and CL 
models estimated here. Finally, the standard CL WTP estimates seem to offer more 
credible estimates of WTP than the LCM estimates, as the former are more consistent 
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with the ones offered by the MORI experiment. Therefore, while LCMs might offer a 
better tool to detect and mitigate yea-saying and preference heterogeneity, the 
standard CL seems to yield more credible WTP estimates. These two methods 
therefore need to be jointly used in order to profit from their potential synergies. 
7.2. Methodological and Policy Implications 
7.2.1. Insights into the process-based valuation of pesticide reduction 
Despite its advantages in terms of direct applicability to the design of policy 
instruments such as taxes, the process-based valuation scenario does not seem to offer 
a viable alternative to the outcome-based scenario for valuing reduced pesticide 
risks/usage. The analyses of the parameter and WTP estimates of the CL and LCM in 
the multidimensional survey show that respondents mostly disregarded the 
information provided on the potential pesticide impacts on both biodiversity and food 
safety. The work of Ajzen et al. (1996) offers a possible explanation of the underlying 
reasons. Indeed the absence of concrete evidence that pesticide reduction will directly 
result in environmental and food safety improvements due to the high scientific 
uncertainties in the field have resulted in a `weak' argument. Hence respondents did 
not feel the urge to process the information and state responses that would reflect it in 
their WTPs. Rather, they seem to have relied on superficial cues, of which the 
alternatives' labels were the most obvious, and their prior beliefs to formulate their 
answers. 
In contrast, an outcome-based scenario, by its very nature, offers the improvements as 
certain, hence giving a more compelling incentive to process information and make 
rational choices based on it. By saving respondents the additional onus of coping with 
the scientific uncertainty underlying pesticide risks, the outcome-based scenario 
enhances the chances of obtaining responses that are based on genuine and rational 
trade-offs, rather than arbitrary or subjective ones that avoid going through the 
tenuous path of analysing highly uncertain information. Hence as far as the 
comparison of the process and outcome based valuation scenarios is concerned, the 
general conclusion of this study is that there is strong case against the use of the 
former, and that the latter, more conventional, approach remains the preferable 
option. 
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This said, it could be argued that a more carefully designed process-based scenario 
cold have alleviated some of the information burdens encountered in the present 
survey. It is still to be seen whether or not a scenario presenting respondents with 
deterministic and quantitative links between process and outcome of pesticide 
reduction would yield more information-reflective WTPs. Moreover, it is probably 
the case that a face-to-face format for survey delivery would be more appropriate for 
testing this approach, as it will further alleviate the informational difficulties that may 
be encountered by respondents. 
7.2.2. Insights into hypothetical bias and preference in is- reporting 
This study applies a generalisation of the standard CL model to account for the 
possibility of mis-reporting `true' preferences in SP surveys. Preference mis-reporting 
is assumed to be a form of hypothetical bias yielding inflated WTP estimates, and the 
UPMR model is used to measure the extent and direction of mis-reporting. The 
UPMR model generalises the CL similarly to the CPMR model, which Hausman et 
al. (1998) adapt to econometrics from the biometrics literature to account for the 
possibility of `misclassification' of the dependent choice variable. Applications of 
this model were mainly focused on binary choice data, though Ramalho (2002), who 
provides a general framework to deal with misclassification, considers the general 
case of more than two discrete responses. An example can be found in Caudill and 
Mixon (2005) (see section 2.7.3 above). To date, all the applications of the logit with 
mis-classification are focused on improving predictions of choice behaviour. To the 
best of our knowledge, the study presented here seems is the first to look into the 
implications of a conceptually similar generalisation of the logit model to estimates of 
stated WTP derived from SP surveys. Moreover, the UPMR model better extends to 
multinomial choice sets than the CPMR model. In fact, the number of additional mis- 
reporting parameters to be estimated in CEs with large choice sets increases much 
less rapidly in the UPMR than in the CPMR logit. 
The WTP results obtained are very satisfactory, and in many ways they legitimate the 
use of the UPMR model for parameter and welfare estimation. Specification testing 
using the Bayes Factors shows a clear preference for the UPMR model over the 
standard CL. Also, UPMR welfare estimates conform more closely to the budget 
constraint presented to respondents than the standard CL, whereby the few times that 
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this constraint is exceeded, it is only by a small margin. As expected, mis-reporting is 
widely detected, and a large proportion of respondents appear not to report their true 
preferences. More importantly, the prediction of the direction of mis-reporting 
conforms to prior expectations, and this direction is overwhelmingly in favour of the 
more appealing pesticide-free option. All these factors show that this model is a 
promising tool in the detection and mitigation of hypothetical bias and WTP inflation 
in stated preference surveys. 
This method promises to be a cheap and convenient tool for researchers and 
academics to target over-estimated WTPs, though by no means a substitute for careful 
design, using, among others, tools for bias mitigation such the ones described in 
section 2.7.2 above. This is of vital importance from a policy perspective, as it will be 
important that welfare estimates figuring in cost-benefit analyses be representative of 
real preferences. Otherwise, policy prescriptions based on standard CL welfare 
estimates will risk being suboptimal. 
7.2.3. Insights into choice heuristics and its mitigation 
The LCM seems to be an effective tool in the detection of choice heuristics and yea- 
saying in these two CEs. Where yea-saying is revealed in the form of a segment- 
specific payment parameter being positive, this could not be detected in the different 
standard CL specifications. It is suspected that many CE/CM surveys in the literature 
are plagued by such instances of yea-saying which go unnoticed, especially in mail 
surveys where the researcher or practitioner has minimal control over the 
respondents' expressed choices. It is often the case that mail questionnaires, even 
where carefully designed, will be filled and returned without a full understanding of 
either the choice tasks, or the background information needed to perform these choice 
tasks adequately. Hence, many respondents in this context will be likely to develop 
simplifying choice rules that would reduce the mental burden caused by the choice 
tasks. In this light, LCM analysis is proposed as a method to counter such instances. 
By relaxing many of the constraints of the standard CL model, and by estimating 
many sets of segment-specific parameter estimates, one multiplies the chances of 
detecting anomalies, if any. Indeed it can be argued that in this case, the LCM 
managed to detect an instance of extreme yea-saying in the guise of a positive 
payment parameter, and other milder cases might not be so easily detected. On the 
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other hand, the LCM in this study has been shown to yield higher WTP estimates than 
the standard CL. In view of all these caveats, latent class analysis should not be 
viewed as a panacea for all the problems related to yea-saying and choice heuristics. 
The results presented here surely do not, and surely could not, make such an 
ambitious claim. They do suggest, however, that if used sensibly in conjunction with 
other estimation models such as the standard CL, LCMs can contribute significantly 
to the refinement of choice models and their WTP estimates. 
7.2.4. Insights into preference heterogeneity 
Different CL model specifications are attempted, and the one which interacts the set 
of individual-specific variables with both the payment variable and the Green ASC 
yields the best explanatory power. This model specification is common in the RPL 
marketing literature, but is not commonly employed in the environmental valuation 
literature. This is unfortunate given the drastic increase in explanatory power that 
results from its application. As to the latent class analyses, to the best of our 
knowledge, this is the first application of LCM estimation to a CE dealing exclusively 
with pesticide reduction. So far, the only close LCM application focuses on general 
safety and environmental traits in food (Hu et al., 2004). Moreover, this study is more 
concerned with market values, and therefore made sure that its survey design was 
representative of the market for bread (their payment vehicle). In contrast, the CE 
presented here is concerned with non-use values, as is clear from the state-of-the- 
world choice set format, and even though the payment vehicles were market food 
products. The LCM estimation has provided valuable insights into the heterogeneity 
of consumer attitudes towards pesticide reduction in food. The LCM model outputs 
are satisfactory in terms of explanatory power. On the one hand, probability values 
are relatively well spread over segments, and highly significant. On the other hand, 
segment-specific partworths differ sharply between segments, and most of them are 
significant. 
Heterogeneity in attitudes towards pesticide reduction points to an important aspect in 
consumer preferences and their policy implications. The fact that different segments, 
each with a distinct preference structure, exist in a population renders the notion of 
the `average' consumer inappropriate. The issue of pesticide use is still controversial, 
and knowledge about it is still not widely disseminated. This is probably what yields 
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these huge disparities not only in the magnitudes of WTP estimates for pesticide 
reduction, but also in their signs. Thus before unconditional WTP estimates are taken 
to be representative of the population, the policy-maker should probably seek to 
understand the true sources of heterogeneity. These heterogeneous preferences are 
found to be considerably volatile in this survey, which would require that measures be 
taken to inform the public about the real threats posed by pesticide pollutants. This 
effort should be made prior to any attempt at considering hypothetical values in 
policy decision-making. 
7.2.5. The survey design and model specification 
Splitting the multidimensional survey into two CEs seems to be a convenient way to 
deal with the absence of a payment vehicle that would embody both food and 
environmental safety concerns. This claim is made on the grounds that the two 
models yield different partworths, and in ways that are satisfactorily amenable to 
interpretation. This result is all the more satisfactory as it permits one to disentangle 
the different motivations for WTP for reduced-pesticide food, therefore allowing the 
explanation for WTP estimates in terms of the nature of pesticide impacts. Moreover, 
in view of the fact that the CE has a process-based valuation approach, the two- 
experiment format could explicitly incorporate safety and environmental 
considerations without further complicating the design of choice sets. As to the model 
specification, accounting for the Green ASC turns out to be very useful. Indeed it 
should be the common practice to account for possible labelling effects that are 
symbolised by certain options, but this happens not to be the case all the time. Many 
seemingly inflated WTP values probably are so owing to the conflation of ASC and 
generic attribute effects. Though many would like to think that non-use goods will 
still be perceived as such in CEs that employ consumer goods as payment vehicle, 
this view could be very misleading. As soon as these values are derived using the 
prices of consumer goods, they will automatically have dominant consumer facets 
that need to be carefully considered, even though the problem is not conceived in 
such a mould in the first instance. Therefore, the problem of the WTP for pesticide 
reduction is reshaped into a consumer preference problem in which preferences for 
environmental labels are likely to play a crucial role. 
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7.2.6. Using the WTP estimates to design policy instruments 
One of the main reasons why the use of the `reduced pesticide' valuation format is 
proposed in this work is the readiness in which these WTP values can be transmitted 
to the pesticide product. Indeed taxes are a widely used agri-environmental policy 
tool to reduce pesticide usage in many EU countries, such as Denmark (Larsen, 2005) 
and Norway (Spikkerud, 2005). The result of the work presented in this thesis can be 
easily and conveniently incorporated into the pesticide tax debate in the UK. In the 
UK context, Foster et al. (1998) and Mourato et al. (2000) have used their WTP 
estimates to calculate a uniform pesticide tax, and then differentiate this tax to better 
reflect the multifarious environmental impacts of different products. For that, two 
simplifying assumptions are made: first, that the total yield of cereals in the UK is 
used for breadmaking; second, that the total damage per loaf of bread is one. Hence 
the unit, or marginal, WTP per loaf for the protection of human health (£0.007) and 
biodiversity (£0.053) would be aggregated over the 160 million loaves of bread 
consumed yearly by the 20 million households in the UK. After adjusting for price 
elasticity of demand, the aggregate unit WTP is then divided by the 15 million tons of 
pesticides used in cereal production, to obtain a uniform tax of £12.59/kg of pesticide. 
In order to illustrate how this tax can be differentiated, an environmental and a health 
score are provided for each of the pesticides used on cereals. Then, rather than 
average these scores for each product, these are first weighted in accordance with the 
results from their contingent ranking WTP survey. The weighted scores are then 
normalised against the largest of the scores, and used to adjust the uniform tax 
calculated above proportionately. 
Unlike Mourato et al. (2000) and Foster et al. (1998), one need not make further 
assumptions about total damage per consumed product when using the `pesticide 
reduction', process-based, WTP estimates presented above to calculate a 
differentiated tax. One only needs to assume that these values are representative of 
the UK public's `true' concerns about pesticide use in the UK, and then the 
calculation of per Kg WTP for reduced pesticide usage would become a relatively 
straightforward matter. 
A tentative illustration of how to design such a pesticide tax is provided here. In the 
case of the `Environmental Safety' CE, an `environmental' tax, given, say, a target 
level of 5% pesticide reduction, can be designed and applied to pesticides used in 
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cereal production. For that, the individual WTP for this reduction level is estimated at 
2.15 p/loaf. Given that the average yearly consumption of bread over the 24,500,000 
households in the UK2 is around 160 loaves of bread (Mourato et al., 2000), the 
yearly WTP for the UK population will be £84,280,000. This aggregate WTP 
assumes that the consumption of bread remains unchanged. This assumption is 
consistent with random utility theory, whereby the effect of a price increase on utility 
is offset by the desirable reduction in pesticide use. As a result, individual choice 
probability, and subsequently aggregate demand, will remain the same despite the 
price increase. On the other hand, the yearly application of pesticides in cereal crops 
amounts to 12,829,710 Kg of active ingredient (a. i. ) (Garthwaite et al., 2004). 
Therefore, the tax, applied uniformly to all pesticide classes, would amount to £6.57 
per Kg a. i., and would be added to an average price of pesticides of around £20 per 
Kg a. i. in the UK (Mourato et al., 2000). 
A `food safety' tax can also be designed similarly based on the WTP estimates from 
the `Food Safety' experiment. Again, with a weekly WTP of £0.12 per household for 
a 5% reduction in pesticide use nationwide, the yearly WTP for the UK population 
would amount to £153,291,600. With yearly volume pesticide applications in the UK 
being 1,090,656 Kg a. i (Garthwaite et al., 2000; Garthwaite et al., 2003), the tax will 
be equal to £140.55 per Kg a. i. This tax is way larger than the `environmental' tax 
because it targets a much smaller volume of pesticide applications. 
Indeed one needs to make sure that imposing this tax meets the target reduction level. 
Ideally, this tax needs to result in a decrease in pesticide applications that is exactly 
equal to 5% if welfare is to be optimized. This means that the price-elasticity of 
demand for pesticides needed to achieve this reduction level should be equal to -0.15. 
In the case of cereal production, this seems to be the case, at least with respect to the 
class of `low-risk' pesticides which elasticity was estimated at -0.18 (CEAS, 1998). 
However, in this same paper, the elasticities estimated for `medium-risk' and `high- 
risk' pesticides were -0.39 and -0.05 respectively. This means that the tax on the 
former type of pesticides will reduce pesticide usage to more than the target level 
2 This statistic is based on the 2001 population census in the United Kingdom 
(http: //www. statistics. gov. uk/census2001/census2001. asp) 
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(around 13%), while the tax on the latter will reduce pesticides to less than the target 
level (around 2%). For both these classes, the tax would be suboptimal and will need 
to be adjusted until the target is met. Such a piecemeal and differentiated approach to 
the design of pesticide taxes will be much more efficient from a social welfare point 
of view. 
7.3. Limitations and Future research 
7.3.1. Limitations of the MORI choice exercise 
Many limitations have been found to beset the valuation scenario and survey design 
in the MORI choice exercise. Next is a discussion of these limitations. 
INCENTIVE COMPATIBILITY 
Is the valuation scenario in the MORI choice exercise incentive-compatible? 
Incentive compatibility is often discussed in terms of the elicitation method, e. g. 
open-ended vs. dichotomous choice (Mitchell and Carson, 1989, p. 101). However, 
the property that a CV/CE survey will provide respondents with incentives to state 
hypothetical truthful WTPs that are truthful to their actual choices is also a function 
of the reliability of the survey instrument. Hence, incentive compatibility must be 
considered as the outcome of the multiple elements of the CV question, rather than its 
elicitation format only (Boyle, 2003a). On its own, the elicitation method is actually 
never a guarantee for incentive compatibility. Indeed there is good reason to believe 
that the incentive compatibility properties of this valuation scenario are compromised, 
mainly by the artificial, and very low, budget constraint. First, the various levels 
assigned to this constraint were low compared to what is spent, on average, on leisure 
and food in the UK in 2005-06, as indicated in section 3.2 above. Second, a scenario 
where respondents are asked to assume a budget constraint, rather than being 
reminded of their current income or expenditure on food, is unlikely to be viewed as 
credible by the respondents. Though it had a significant effect on respondents' 
choices, this budget is, in the last analysis, imaginary. What probably happened is that 
respondents responded to this imaginary budget as a cue that prompts respondents to 
lower their bids (rather symbolically) because they are supposed to do so, rather than 
as a real, experienced, constraint to be met at all costs. Hence the common violations 
of this budget constraint encountered in the standard CL specification, and hence the 
hypothetical bias as successfully detected by the UPMR model. 
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DEFINITION OF THE GOOD'S ATTRIBUTES 
Is the good as defined in the MORI choice exercise accurate and exhaustive? 
Accuracy could be assessed mainly in terms of the weekly cost of the proposed food 
basket; the payment vehicle. As previously indicated, the assignment of the weekly 
cost of a standard food basket was assigned with a degree of arbitrariness, due to the 
pressing time constraints. The result is a low cost for the `Standard' basket compared 
to the national average for the weekly consumption of food items with the same 
composition. No doubt this has affected the credibility of the survey instrument, and 
would have left respondents confused or unbelieving. In such instances, it is usually 
the case that respondents become tempted to rely on cues (as with the budget 
constraint), rather than search for their `true' preferences, in order to state their 
choices and WTPs. This is probably what generated the upward systematic bias in 
responses (Mitchell and Carson, 1989, p. 216), as successfully detected by the UPMR 
model. Moreover, it should be noted that the lack of information on the potential 
health and environmental benefits of reduced or no pesticides in food did not provide 
a firm background, or purpose, for stating a WTP for `No Pesticides' food. In 
addition, no information on alternative farming practices to produce pesticide-free 
food (akin to organic products), was provided. It is expected that most respondents 
will have at least some knowledge about the well-publicised pesticide question. 
However, uninformed perceptions of pesticides will doubtless widely vary from 
respondent to the other, and hence the WTPs stated by different respondents will not 
relate exactly to the same good. A uniform application of background information to 
all respondents would have avoided these deficiencies by ensuring that WTPs are 
aligned with the same carefully described good. Finally, one aspect of the survey 
design that may have affected the credibility of the scenario is the nature of the 
weekly food basket itself. It seems that the composition of this basket was 
unnecessarily restricted to a subset of the food items consumed by households. This 
basket is by no means exhaustive; on the contrary, it excludes many essential 
constituents of the British diet such as fish products and eggs. This may have added to 
the confusion and uncertainty in answering the choice exercise. Many respondents 
would have questioned the whole purpose of the exercise, since buying such a basket 
free of pesticides still implies that purchased food items outside this basket will be 
produced conventionally, i. e. with the aid of pesticides. 
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FOLLOW-UP QUESTIONS TO CHOICE EXERCISE 
Follow-up questions would serve to qualify respondents' stated choices, and explain 
the sources of many their anomalies, if any. Unfortunately, in this survey, follow-up 
and debriefing questions that would have usefully shed light on the reasons why 
respondents stated the choices they stated were lacking. It would have been 
interesting to uncover the motivations for choosing the `No Pesticides' options. 
Particularly, the reason for the poor sensitivity to basket price increases, as witnessed 
by Table 5.3, and probably the main reason behind the overstating of WTPs, could 
have at least been partly explained. Was it due to the fact that the prices for the 
`Standard' basket were not credible, or thought to be too low? Was it because people 
thought it was only ethical to choose `No Pesticides' food, regardless of the price (i. e. 
a type of protest vote)? Did they feel it was the safest bet given the lack of 
information on the impacts of pesticide reductions? Or is it because they thought the 
`No Pesticides' would give them good value for money? The four questions above, 
and probably others, could have been presented to respondents, and they would have 
to choose the one that applies most to their choices. 
In addition, it would have been useful to try and gauge how sure respondents were 
about their stated choices, by asking them to assess their level of certainty on a scale 
from 1 to 10. This would have helped in understanding how increasing levels of 
confusion affect WTP. Also, a question on whether respondents thought more 
information on pesticides were needed in order to make their purchasing decisions, 
coupled with a question on the level of understanding of the choice scenario, would 
have also helped in deepening the understanding of how the lack of background 
information has affected stated WTPs. 
7.3.2. The multidimensional CE 
The myriad weaknesses in the approach, survey and experimental designs in the 
multidimensional CE have impinged on the validity of the WTP estimates. The 
following is a discussion of these weaknesses. 
INCENTIVE COMPATIBILITY 
Is the valuation scenario presented in the multidimensional CE meaningful and 
credible? Evidence from the focus groups suggests that the scenario whereby 
consumers, by paying for reduced-pesticide food, contribute to environmental and 
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human safety, did make sense to participants. However, as already pointed out, the 
way the focus groups have been conducted may have led participants into approving 
of an already designed scenario too easily, rather than take part in an open-ended 
discussion about what would possibly be a meaningful and credible scenario. 
Also, whether respondents thought that by buying reduced-pesticide food, the 
environment and human safety will actually improve, may not be strongly supported 
by the highly uncertain nature of the scientific background information. Respondents 
may not know for sure what the implications of their purchasing decisions may be on 
the environment, not the least because the scientific information provided in the 
survey does not quantify in any way the link between pesticide reduction and 
environmental and safety improvements. Hence while the valuation scenario might 
seem plausible to respondents (reduced-pesticide products, like organic products, can 
be envisaged in the market), and while respondents would probably think that all 
these reductions in pesticide use, in general, can be implemented in real life, they may 
not be sure about how consequential their survey responses would be if they were to 
be accounted for by policy-makers. Therefore it can be argued that the incentive 
compatibility properties of the valuation scenario presented in the multidimensional 
survey are compromised by the potential of this scenario of being inconsequential. 
This is most probably the reason why such a high proportion of respondents always 
chose the `No Pesticides' option despite its being the most expensive. One may argue 
that this would have the safest bet for them to guarantee a beneficial environmental 
and/or food safety outcome given the uncertainty surrounding the effects of gradually 
reducing usage. 
LACK OF CRUCIAL FOLLOW-UP QUESTIONS AND PROTEST VOTES 
As with the MORI choice exercise, crucial follow-up questions were missing from 
the CE survey instrument. Given that a main objective of this research was to test the 
process-based valuation scenario, insights into the main motivations underlying 
respondents' stated choices would have been valuable. Particularly, the survey 
instrument lacks any follow-up questions that try to gauge whether respondents: 
a. did think the information was difficult to assimilate, 
b. did believe the information given them, 
c. did think that this information differed sharply from their prior beliefs, 
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d. did think that more information and/or attributes were needed to make sensible 
choices, such as product quality characteristics, 
e. did think that pesticides are desirable to improve the quality of food, 
f. did think that similar pesticide reduction policies as presented in the choice 
scenarios are likely to be implemented by the government, 
g. did think that pesticides' main adverse impacts are on one or more of the 
following: water bodies, mammals, birds, soil organisms, infants, fieldworkers, 
the ecosystem etc... 
h. did take on board this information when making their choices, or relied on their 
prior beliefs instead, 
i. did rely primarily on the pesticide reduction and price levels to sate their choices, 
or rather simplified their choice tasks by relying on the option labels: `Standard', 
`Green' and `No Pesticides'. 
All these issues could have been presented to respondents as statements to rate on a 
Likert or ten-point scale. This would have helped understand whether the information 
was understandable, credible and exhaustive in the opinion of respondents (a to g), 
and whether it was relevant to their specific concerns (Boyle, 2003a; Ajzen et al., 
2004). In addition, this information would have uncovered whether they relied solely, 
or at least mostly, on this information to make their choices (h and i). Finally, it may 
have been very rewarding to investigate how increasing reliance on this information 
would affect the rankings of pesticide reduction utility parameters and WTP. 
Moreover, the survey instrument did not include any follow-up questions to identify 
protest non-response items. Protest answers represent answers from respondents who 
refuse to play the game, i. e. object to a component of the choice scenario (Mitchell 
and Carson, 1989, pp. 166-167). In an open-ended CV exercise, respondents can 
simply answer with a £0 bid, and the underlying motives can be determined through 
follow-up questions that try to gauge whether the bid is a true bid, or whether it is a 
rejection of a component of the valuation scenario. This is more problematic in DC- 
CV exercises, and by extension multinomial choice scenarios, where respondents can 
only reject alternative scenarios, but cannot choose a £0 bid. Hence there is no way 
one can know whether there is a spike in the probability distribution at zero (Boyle 
and Bergstrom, 1999; Boyle, 2003a). It is suggested that CE reduces the likelihood of 
protest responses by de-emphasizing the WTP element and focusing on the tare-doff 
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between attributes instead (Hanley et al., 2001). However, there is no reason to think 
CE would eliminate this problem. 
Hence the potential for protest voting may still be addressed with a follow-up 
question (or questions) to try at least to gauge the impacts of attitudes that reject the 
payment scenario on WTP. The failure to do so is another limitation of this study. 
More specifically, a question would have asked respondents something along the 
following lines: (a) whether they always chose the `Standard' option, and if so, (b) 
whether this was because the alternative options presented were more expensive, or 
because they object to the idea of having to pay for pesticide reductions altogether. 
Therefore the only protest responses that could be excluded from the analysis were 
the obvious ones: unfilled questionnaires that were returned with either a written 
protest message, or simply the questionnaire torn into pieces. The number of these 
questionnaires totalled 21. Indeed failing to exclude protest votes from the survey 
sample would mean that responses pertaining to a response pattern which is 
effectively a simplifying non-compensatory heuristic with the rest of responses which 
use compensatory rules to arrive at choices. This is expected to increase the noise in 
data. Given accurate data on protest behaviour, one can only hope that its proportion 
would be minimal, something which a CE format should, in principle, guarantee. This 
said, the questionnaire does ask a question that hints at protest attitudes (see 
questionnaire in Appendix I; Section G, question 4). Respondents who think farmers 
or pesticide producers should bear most of the costs of reduced pesticide usage would 
be potential candidates for protesting behaviour. However, since the question is 
worded relatively mildly (see the italics in the previous sentence), one cannot be sure 
whether the answer is a categorical protest or less than that; a general opinion on who 
should be most responsible for the costs. In any case, only 9.3% chose one of these 
two categories, and protesters are expected to be only a sub-set of the answers. 
INSIGNIFICANT INCOME COEFFICIENTS AND VALIDITY IMPLICATIONS 
In the CL-P specifications in section 6.3.1, the income variable was interacted with 
the payment variable. The interaction coefficient turns out to be insignificant in the 
`Environmental Safety' experiment, while it is significant at the 10% significance 
level, but having a significant negative sign. As already suggested, this casts doubts 
on the theoretical validity of the model estimates. Although a distant support for such 
a result, correlating higher income with higher education, and hence scepticism about 
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pesticide health risks, was found in Dosman et al. (2001), relying on this notion 
remains highly speculative. On the other hand, there is overwhelming evidence in the 
pesticide valuation literature that establishes a significant increase of WTP with 
higher incomes, not the least CEs that value pesticide impacts (Foster and Mourato, 
2000; Travisi and Nijkamp, 2004). The fact that higher-income respondents have 
indicated lower WTP goes against the expectations of welfare theory and is an 
indicator of one of two deficiencies in the proposed contingent scenario, or indeed a 
combination of both. One is that the information component in the survey instrument 
is incomplete, and has been met with increasing scepticism as income increases, 
because of the weakness of its argument. Which brings the discussion back to 
Dosman et al. (2001), but for underlying reasons different than the ones they suggest. 
It could be argued that if the information component was better designed, with more 
specific information and examples and more accurate data, the sign of the income 
interaction term would have been reversed, lending more theoretical validity to the 
model. Which leads back to the second deficiency; that the process-based CE 
scenario for the valuation of pesticide reductions is not feasible, and should not be 
proposed as a basis for choice exercises. 
EXCLUDING PART OF THE SAMPLE AND ITS IMPLICATIONS 
The exclusion of part of the survey sample for both experiments for committing to the 
choice of `No Pesticides' options doubtless has implications for the model and WTP 
estimates. The summary statistics describing the excluded samples (see Table 6.14) 
significantly differ from the original sample only with respect to five and four 
covariates in the `Environmental Safety' and `Food Safety' CEs respectively. These 
will obviously weaken the representativeness of the sample, but only slightly so. The 
decline in representativeness is not expected to be substantial, as only with respect to 
three covariates in the `Environmental Safety' CE ('Food Safety', `Intermediate 
Education' and `Global Warming'), and two in the `Food Safety' CE ('Food Safety' 
and `Intermediate Education'), do the mean values in the post-exclusion sample 
deviate by more then 10% from the original sample. 
However, what seems to be more problematic is the fact that excluding observations 
might be artificially decreasing WTP, over and above what it should be. Indeed the 
argument for excluding these observations is specifically that they do not reflect a 
true underlying WTP, but rather yield an excessively high one due to a disregard for 
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price. But given the caveat that some of the excluded responses might have been 
based on truthful preferences, then the risk is that excluding them alongside the `yea- 
saying' responses might have undesirable effects on the estimation of WTP. In the 
light of the lack of crucial follow-up questions already highlighted above, this 
possibility may not be further explored. 
SURVEY DESIGN 
The most important ones relate to the survey design, owing to the complicated nature 
of the field. It seems that the main shortcoming in the design of choice cards in the 
multidimensional survey presented here is the fact that it only includes three choice 
cards, each representing a different label: `Standard', `Green' and `No Pesticides'. In 
retrospect, adding an additional `Green' option would probably have attenuated the 
problem of yea-saying and improved model estimates. Having two `Green' options 
might have endowed the pesticide reduction parameters with more stability, forcing 
respondents who are committed to reduced pesticide food to trade-off between 
different reduction levels across different pesticide classes. Also, as previously 
suggested, adding new food quality and food-borne risk attributes to describe food 
options may have been a good measure to counter the problem of overstated WTPs 
for pesticide reduction attributes, as these latter will then have to be considered in a 
wider and more realistic pool of attributes. Possibly, attributes relating to other 
polluting activities in agriculture, such as reduction in fertiliser applications, could 
also be included. All this indeed is difficult to realise in a mail survey, as it will 
increase the cognitive burden associated with completing choice tasks and hence 
probably further reduce response rate. This is likely to generate many erroneous 
responses in view of the physical absence of an interviewer. These refinements to 
design should be envisaged, however, in the context of a face-to-face survey, 
whereby the interviewer or facilitator could ensure that all the aspects in the survey 
are fully clarified before respondents could answer the choice tasks. 
EXPERIMENTAL DESIGN AND ECONOMETRIC ANALYSIS 
The experimental design of the multidimensional survey is deficient in that many 
attribute levels and ASCs are collinear as a result of the way the alternatives were 
specified. Hence the `No Pesticides' and 100% pesticide reduction levels always 
coincide. The same applies to `Standard' and 0% pesticide reduction levels. In 
retrospect, `Green' alternatives should have been allowed to assume attribute and 
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payment levels as low/high as the `Standard'/'No Pesticides' alternatives. This 
became particularly problematic when estimating an ASC for `No Pesticides', 
alongside `Green', was attempted, and when a `Polynomial' model estimation where 
all attribute levels are accounted for as dummy variables was attempted. Hence these 
deficiencies in the experimental design impinged on the econometric flexibility of the 
response data. 
Probably also due to this deficiency in the experimental design, a limitation of the 
multidimensional CE data set analysed here was the inability to present results from 
an RPL model in order to contrast them with the LCM estimates. As pointed in 
section 6.3.2 above, the RPL model, for both CEs and with different specifications, 
did not converge with a number of simulation draws higher than 20. As to the LCM 
model, specifications expressing segment probabilities as a function of individual- 
specific variables also failed to converge. Indeed explaining these probabilities 
simultaneously with the utility functions provides a theoretically solid way of dealing 
with the issue, and is at the heart of the appeal of LCM analysis. In consolation, 
deriving individual-specific segment probabilities and then regressing over 
explanatory variables did provide a satisfactory substitute. 
The use of LCM analysis to detect and mitigate yea-saying seems to be a promising 
avenue for research, and should be explored in the future. Unfortunately, the method 
used to mitigate the choice heuristic by discarding all respondents who always choose 
`No Pesticides' options, though legitimised by further statistical analysis, remains a 
rudimentary method to tackle the problem. As pointed out earlier, identifying the 
segment of yea-sayers could have been performed simply by eye-balling the data, 
though the LCM analysis lent more credibility to the decision of dropping this 
segment. The possibility that part of the All No Pesticides respondents (small as it is) 
could actually be reporting their true preferences should be considered. On the other 
hand, modifying the LCM algorithm to restrict segment-specific payment parameters 
to non-negative values seems to be the best way forward. 
The use of SURE GLS estimation to explain segment heterogeneities should be 
highlighted as a source of weakness in the segment membership regression analysis. 
Indeed the SURE model only accounts for correlations across segment probabilities 
for the individual. Tough the model constrains individual probabilities to be bounded 
in (0,1) by the very definition of the logistic transformation, it does not impose that 
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the sum of probabilities across all segments be equal to one. In retrospect, this seems 
to be a significant deficiency in the analysis. Indeed any form of correlation between 
individual segment probabilities should unequivocally ensure that they sum up to 
unity. Hence a superior regression model would assume a type I Dirichlet distribution 
for the system of equations for the posterior segment membership probabilities (Hu et 
al., 2004). This type of density function meets these constraints, and would be a more 
suitable approach to model this type of system of equations. 
Finally, concerning the UPMR model, it is clear that all the posterior WTP, A and 
rdistributions are relatively wide, giving little confidence in point estimates. Having 
multiple choice cards per respondents, one would assume, would reduce the large 
parameter and WTP standard deviations. However, this remains to be seen. Also, 
future research should look into the possibility of explaining the mis-reporting 
parameters in terms of individual-specific characteristics, in a manner analogous to 
segment probabilities in LCMs. Finally, in way analogous to that of the LCM, future 
research might investigate the possibility of deriving individual-specific mis-reporting 
parameters. 
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APPENDIX I-A Sample Questionnaire from the Multidimensional 
CE Survey 
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The adjacent code is SOLELY used to identify prize winners. We assure you your answers will he treated ANONYMOUSLY. 
Imperial College 
London 
Q Please complete and return this questlonnalre In 
the enclosed SAE to qualify for a prize draw 
Q 10 lucky respondents will win Marks & Spencer gift 
vouchers worth £Z0 each 
Q Takes 15 minutes to complete AT MOST 
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4 
Survey conducted by the 
Applied Economics and 
Business Management 
Section, Imperial College 
London, Wye Campus 
July 2005 
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Section A: The Aims of the Survey 
9 This survey examines your attitudes to PESTICIDE use in the UK 
" The 2 main sections of the survey evaluate your willingness to pay for fewer 
pesticides in the British production of: 
1. BREAD 2. FRUITS & VEGETABLES 
Pesticides in wheat production might Pesticides in fruit and vegetable 
impact the environment by decreasing production might impact food safety 
populations of farmland birds by leaving residues in food 
" Responses will be treated ANONYMOUSLY 
" No reference will be made to any personal information provided by individual 
respondents 
" Complaints regarding the nature or conduct of this research may be directed 
to Dr. Alastair BAILEY as addressed on the enclosed return envelope 
The results of the research will be made available in 2 ways: 
1. A non-technical summary of key findings 2. Several technical pieces 
will be available to participants and policy- of research will be 
makers on the following web page: produced and submitted 
http: //www. geocities. com/ali chalak/Pestici to academic journals for 
de Survey Results publication. 
" Kindly fill out and return this questionnaire AS SOON AS POSSIBLE 
9A return stamped and addressed envelope is enclosed. 
" Completing the survey should take no more than 15 MINUTES. 
First, we would like to have an idea about your existing knowledge on pesticides: 
1. Where are pesticides most likely to be used? (please tick ONE box only) 
Q Factory 
Q Garden 
Q Agricultural farm 
Q Fish farm 
Q Forest 
2. For what reason are pesticides usually used? (please tick ONE box only) 
Q To supply the soil with the needed nutrients 
Q To kill unwanted organisms in the farm or garden 
Q To improve the taste of fresh produce 
Q To restore biodiversity in the forest 
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Section B: Information on Respondent 
It this section, we would like to collect some information on you. This helps us 
understand how individual (or household) characteristics affect attitudes to 
pesticides. Your answers will be treated in complete ANONYMITY: 
1. Gender? 
Q Male 
Q Female 
2. Age? 
1 am years old 
3. Marital status? 
Q Married /Living with partner 
Q Single 
Q Widowed /Separated /Divorced 
4. How many dependent children are there in your household? 
Q 0 children Q 3 children 
Q 1 child Q 4 children 
Q 2 children Q 5 or more children 
5. What is your highest level of educational achievement? 
Q Basic school education Q Bachelor's degree 
Q A-level or equivalent Q Master's degree 
Q College qualification Q Doctoral degree 
6. Which of the following income groups does your household fall into before tax? 
(please tick ONE box only): 
Q Less than 19,999 Q 140,000 to £49,999 
Q £10,000 to 119,999 Q 150,000 to 159,999 
Q £20,000 to £29,999 Q £60,000 and over 
Q £30,000 to £39,999 Q Undisclosed 
7. How often do you buy `organic' or 'green' (i. e. environmental friendly) products? 
Q Never 
Q Rarely (less than once a month) 
Q Sometimes (more than once a month but les than once a week) 
Q Often (more than once a week) 
Q Always 
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8. Which issue related to the way food is produced and processed do you worry 
about the most while shopping for food? (please tick ONE box only) 
Q Food should be cheap 
Q Impact on environment and biodiversity should be minimal 
Q Food should be safe to consume 
9. With which political party do you have most afinity? (please tick ONE box only) 
Q Labour 
Q Conservative 
Q Liberal Democrat 
Q Green 
Q Other 
Q Don't know / Undisclosed 
10. Are you a member of any consumer group concerned with food, such as Soil 
Association or Pesticide Action Network for example? 
Q Yes 
Q No 
11. Are you a member of any environmental or conservation organisation, such as 
Greenpeace or Friends of the Earth for example? 
Q Yes 
Q No 
12. How important do you think are the impacts of pesticides compared to global 
warming? 
Q More important 
Q As important 
Q Less important 
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Section C: Things You Need to Know 
DEFINITIONS 
Pesticides: chemical agents used in crops to protect 
them from living organisms that might 
affect the quantity of food produced, the 
quality of food, or both. 
Green: friendly to the environment and human 
health. 
CATEGORIES OF PESTICIDES 
Insecticides: pesticides used to protect crops from 
insect pests (for example aphids and 
other insects that might damage crops). 
Herbicides: pesticides used to protect crops from 
weeds or unwanted plants (for example 
thistles or other weeds that might 
compete with crops for resources). 
Fungicides: pesticides used to protect crops from 
microbial diseases (for example moulds 
or other fungal parasites that might 
damage crops) 
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Section D: How to Answer the Survey 
You are asked to answer two choice exercises dealing with: 
I. Shopping for a loaf of 2. Shopping for a weekly basket of fresh 
BREAD FRUITS & VEGETABLES 
" In each exercise, you face a number of choice cards. 
" Each card is an imaginary market made of 3 alternative products. 
" Choice cards and their alternative products are RANDOMLY constructed. 
" Therefore, choice cards in one exercise are UNRELATED to each other. 
" In each choice card, please assume that: 
a. these products are the only ones available for you to purchase. 
b. you have to buy the ONE and ONLY ONE product you prefer most 
EXAMPLE OF ONE CHOICE CARD IN THE ` BREAD' EXERCISE 
Options A, B and C are 
CHOICE CARD 2 random combinations of' 
Loaf type 
`Standard' `Green' `No Pesticides' 1) Type (A) (B) (C) 
Reductions in insecticide 20 % less 
applications in UK cereals Current insecticides No 
Reductions in herbicide average 
level 
of pesticide 20 % less herbicides 
applications 
due to a ban on 2) Pesticide 
applications in UK cereals applications in pesticide usage reduction 
Reductions in fungicide the UK in the UK levels 
applications in UK cereals 
KO % less fungicides 
Price of bread £ 0.50 per loaf £ 0.75 per loaf £ 0.95 per loaf 
] 
3) Price 
Tick ONE and ONLY ONE box Q Q Q 
The hy pothetical market consists of: 
3 randomly constructed alternative products 
Loaf type 
`Standard' `Green' `No Pesticides' 
(A) (B) (C) 
Reductions in insecticide 20 % less 
applications in UK cereals Current insecticides No 
average level applications Reductions in herbicide 
of pesticide 20 % less herbicides due to a ban on applications in UK cereals applications in pesticide usage 
Reductions in fungicide the UK in the UK 
applications in UK cereals 
KO % less fungicides 
Price of bread £ 0.50 per loaf £ 0.75 per loaf £ 0.95 per loaf 
9 In each card, choose the product you prefer by ticking the corresponding box: 
A) Standard B) Green C) No Pesticides 
Choice cards in the `FRUIT & VEGETABLE' exercise are constructed similarly 
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Section E: Bread and Environmental Safety 
You are now shopping for a sliced loaf of white bread (800g) processed solely 
from HOME-GROWN wheat. Before answering choice cards, bear in mind that: 
According to scientists, pesticides are probably a major cause for the decline of 
farmland bird species in cereal fields in the UK (including wheat, used in bread- 
making), by having the following potential impacts: 
Q Herbicides may reduce food resources for birds 
Q Insecticides may reduce food resources for birds, and may directly kill them in 
small numbers. 
Q Fungicides are thought not to affect bird populations. 
On the other hand: 
Q Farmers often claim to benefit from pesticide use through increased productivity 
Q Food security is thought to be promoted by the use of pesticides, according to 
many economists and scientists 
Now consider the 3 choice cards on the next page. In each of them, please choose 
the ONE loaf you prefer most. Bear in mind that: 
" each loaf is produced under a different governmental policy targeting pesticide 
use in British cereal production, including wheat: 
- Loaf A: current average applications. Its price is a national 
average based on a market survey 
- Loaf B: green policy: less pesticides applied nationwide 
- Loaf C: ban on pesticide usage 
9 loaves differ ONLY in price and reduction levels of the different pesticides 
" at the point of making your choice, you've made all other regular purchases 
9 you need to respond as if you were REALLY spending your money 
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REMEMBER: In each of the 3 RANDOM choice cards below, please choose 
the ONE option you prefer most among A, B or C 
CHOICE CARD 1 
`Standard' `Green' 'No Pesticides' 
Loaf type (A) (B) (C) 
Reductions in insecticide applications 20 % less insecticides 
in UK cereals Current average No a lications level of pp Reductions in herbicide applications pesticide 50 % less herbicides 
due to a ban on 
in UK cereals applications in pesticide usage 
the UK 
in the UK. 
Reductions in fungicide applications 20 % less fungicides 
in UK cereals 
Price of bread £ 0.50 per loaf £ 0.65 per loaf £ 0.85 per loaf 
Tick ONE and ONLY ONE box Q U Li 
CHOICE CARD 2 
Loaf type 
`Standard' `Green' `No Pesticides' 
(A) (B) (C) 
Reductions in insecticide applications 20 % less insecticides 
in UK cereals Current average No a lications level of pp Reductions in herbicide applications pesticide 20 % less herbicides 
due to a ban on 
in UK cereals applications in pesticide usage 
Reductions in fungicide applications the 
UK 
80 % less fungicides 
in the UK. 
in UK cereals 
Price of bread f; 0.50 per loaf £ 0.75 per loaf £ 1.05 per loaf 
Tick ONE and ONLY ONE box Q D Li 
CHOICE CARD 3 
Loaf type 
`Standard' `Green' 'No Pesticides' 
(A) (B) (C) 
Reductions in insecticide applications 50 % less insecticides in UK cereals Current average No a lic tions level of pp a Reductions in herbicide applications 
pesticide 80 % less herbicides 
due to a ban on 
in UK cereals applications in pesticide usage 
Reductions in fungicide applications the 
UK in the UK. 
in UK cereals 
20 % less fungicides 
Price of bread £ 0.50 per loaf £ 0.75 per loaf £ 1.35 per loaf 
Tick ONE and ONLY ONE box Q D Li 
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Section F: Food Safety and Fresh Fruits & Vegetables 
You are now shopping for your weekly basket of HOME-GROWN fresh fruits 
and vegetables. Before you answer choice cards, bear in mind that: 
According to market surveillance reports, some pesticides are commonly detected in 
fresh fruits and vegetables produced in the UK: 
Q Insecticides are commonly detected, but in most cases dose levels are way below 
dangerous thresholds. Children are vulnerable. However, evidence that residues 
affect the health of the UK population is weak. 
Q Fungicides are commonly detected, but in most cases dose levels are way below 
dangerous thresholds. However, they are much less studied than insecticides, 
because they are thought to be much less harmful. 
Q Herbicides are not commonly detected, because they are often sprayed in ways to 
avoid contact with crops. 
On the other hand: 
Q Farmers often claim to benefit from pesticide use through increased productivity 
Q Consumers might have a choice of better-looking fruits and vegetables, thanks to 
pesticide use 
Now consider the 3 choice cards on the next page. In each of them, please choose 
the ONE weekly basket you prefer most. Bear in mind that: 
" each basket is produced under a different governmental policy targeting 
pesticide use in the British production of fruits and vegetables: 
- Basket A: current average standards. Its price is based on a 
governmental study of family spending in the UK 
- Basket B: green policy: less pesticides applied nationwide 
- Basket C: ban on pesticide usage 
9 baskets ONLY differ in reduction levels of the different pesticides, and price 
9 at the point of making your choice, you've made all other regular purchases 
9 you need to respond as if you were REALLY spending your money 
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REMEMBER: In each of the 3 RANDOM choice cards below, please choose 
the ONE option you prefer most among A, B or C 
CHOICE CARD 1 
Basket type 
`Standard' 'Green' 'No Pesticides' 
(A) (B) (C) 
Reductions in insecticide applications 20 % less insecticides 
in UK fruits and vegetables Current average No a lications level of pp Reductions in fungicide applications pesticide 50 % less fungicides 
due a ban 
in UK fruits and vegetables applications in pesticide usage ge 
Reductions in herbicide applications the 
UK 
20 % less herbicides 
in the UK. 
in UK fruits and vegetables 
Weekly family expenditure on fresh £ 6.00 per week £ 6.50 per week £ 13.50 per week fruits and vegetables 
Tick ONE and ONLY ONE box Q Li Li 
CHOICE CARD 2 
Basket type 
`Standard' 'Green' `No Pesticides' 
(A) (B) (C) 
Reductions in insecticide applications 20 % less insecticides 
in UK fruits and vegetables Current average No a lications level of pp Reductions in fungicide applications 
pesticide 80 % less fungicides 
due a ban 
in UK fruits and vegetables applications in pesticide usage ge 
Reductions in herbicide applications the UK 
in the UK. 
in UK fruits and vegetables 
50 % less herbicides 
Weekly family expenditure on fresh £ 6.00 per week £ 9.50 per week £ 10.50 per week fruits and vegetables 
Tick ONE and ONLY ONE box Q Li Ll 
CHOICE CARD 3 
Basket type 'Standard' 'Green' 'No Pesticides' (A) (B) (C) 
Reductions in insecticide applications 20 % less insecticides in UK fruits and vegetables Current average N li ti level of o app ca ons Reductions in fungicide applications pesticide 20 % less fungicides 
due to a ban on 
in UK fruits and vegetables applications in pesticide usage 
Reductions in herbicide applications the UK 
in the UK. 
in UK fruits and vegetables 
80 % less herbicides 
Weekly family expenditure on fresh £ 6.00 per week £ 7.50 per week £ 13.50 per week fruits and vegetables 
Tick ONE and ONLY ONE box Q Li Li 
234 
Section G: Your Comments 
Please tick ONE box only for each of the below questions: 
1. Did you find the survey easy to answer? 
Q Yes 
Q No 
2. Was the scientific background information for both exercises useful? 
Q Yes 
Q No 
3. While answering choice cards, which of the aspects listed below and relating to 
food products affected your choices the most? (please tick ONE box only) 
Q The product price 
Q Effects of pesticide applications on the environment and biodiversity 
Q Effects of pesticide residues on food safety 
4. Who do you think should bear most of the costs of desired reductions in pesticide 
levels in the UK? (please tick ONE box only) 
Q Pesticide producers 
Q Farmers 
Q Consumers 
Q All of the above 
5. Who do you think did actually bear most of the costs of green policies reducing 
pesticide applications in the UK up till the present? (please tick ONE box only) 
Q Pesticide producers 
Q Farmers 
Q Consumers 
Q All of the above 
6. Do you have any other comments? Please write you answer in the space provided 
below. 
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Thank you 
for 
your 
patience! 
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APPENDIX II -A Semi-Structured Guide for the Focus Group 
Conducted for the Multidimensional CE 
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GUIDELINES TO THE CE PILOT 
I. WELCOME 
II. AIMS OF PILOT 
A. To answer what is supposed to be a sensible and self-explanatory 
questionnaire 
B. To invite comments and suggestions, section by section, as to what 
aspects need to be modified to make the questionnaire more sensible 
and self-explanatory 
III. GUIDING QUESTIONS 
A. Introduction 
" Is it too long? 
" Does the information in the beginning explain clearly the problem? 
" Does it give an adequate feel of the subsequent survey structure: 2 
choice exercises, one dealing with food safety and one dealing with 
environmental safety? 
B. Information on respondent 
" Is it easy to answer in general (especially questions 6,8,9 and 12)? 
" Are there any questions that do not perfectly make sense? 
" Are there any questions that should not be asked? 
C. Survey description 
" Was the description clear? 
" Did it make you feel fully confident you can perform the choice 
tasks? 
D. Useful information on pesticides 
" Were the definitions clear? 
" Do you think any additional definitions need to be included? 
E. Bread and environmental safety 
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" Is the context clear? Is the scientific background clear? 
" Did this background convince you that pesticides in wheat and bread 
have potential impacts limited to the environment only? 
" Did using `800g white sliced bread loaves' complicate choice tasks? 
If yes, what vehicle should be chosen instead? 
" Do you think the prices are realistic? 
" Did it make sense to choose between reduction levels of different 
pesticide categories? 
F. Food safety and fresh fruits and vegetables 
" Is the context clear? Is the scientific background clear? 
" Did this background convince you that pesticides in fruits and 
vegetables have potential impacts limited to food safety only? 
" Did using a basket of products, rather than one product, complicate 
choice tasks? 
" Do you think the expenditures are realistic? 
" Again, did it make sense to choose between reduction levels of 
different pesticide categories? 
G. Your comments 
" Did you find any questions in this section difficult to answer? 
H. Any other suggestions? 
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Table 111.1 Bread and Environmental Safety 
Standard Green No Pesticides 
Choice 
Block Card Ins Her Fun Price Ins Her Fun Price Ins Her Fun Price 
11 0.00 0.00 0.00 0.50 0.20 0.50 0.20 0.65 1.00 1.00 1.00 0.85 
2 0.00 0.00 0.00 0.50 0.20 0.20 0.80 0.75 1.00 1.00 1.00 1.05 
3 0.00 0.00 0.00 0.50 0.50 0.80 0.20 0.75 1.00 1.00 1.00 1.35 
24 0.00 0.00 0.00 0.50 0.20 0.20 0.80 0.75 1.00 1.00 1.00 0.85 
5 0.00 0.00 0.00 0.50 0.80 0.50 0.50 0.75 1.00 1.00 1.00 1.05 
6 0.00 0.00 0.00 0.50 0.50 0.20 0.50 0.65 1.00 1.00 1.00 1.35 
37 0.00 0.00 0.00 0.50 0.50 0.80 0.20 0.75 1.00 1.00 1.00 0.85 
8 0.00 0.00 0.00 0.50 0.50 0.20 0.50 0.65 1.00 1.00 1.00 1.05 
9 0.00 0.00 0.00 0.50 0.50 0.50 0.80 0.95 1.00 1.00 1.00 1.35 
4 10 0.00 0.00 0.00 0.50 0.50 0.20 0.50 0.65 1.00 1.00 1.00 0.85 
11 0.00 0.00 0.00 0.50 0.50 0.50 0.80 0.95 1.00 1.00 1.00 1.05 
12 0.00 0.00 0.00 0.50 0.80 0.20 0.20 0.95 1.00 1.00 1.00 1.35 
5 13 0.00 0.00 0.00 0.50 0.80 0.80 0.80 0.65 1.00 1.00 1.00 0.85 
14 0.00 0.00 0.00 0.50 0.80 0.20 0.20 0.95 1.00 1.00 1.00 1.05 
15 0.00 0.00 0.00 0.50 0.20 0.20 0.80 0.75 1.00 1.00 1.00 1.35 
6 16 0.00 0.00 0.00 0.50 0.80 0.50 0.50 0.75 1.00 1.00 1.00 0.85 
17 0.00 0.00 0.00 0.50 0.80 0.80 0.80 0.65 1.00 1.00 1.00 1.05 
18 0.00 0.00 0.00 0.50 0.20 0.80 0.50 0.95 1.00 1.00 1.00 1.35 
7 19 0.00 0.00 0.00 0.50 0.20 0.50 0.20 0.65 1.00 1.00 1.00 1.05 
20 0.00 0.00 0.00 0.50 0.80 0.80 0.80 0.65 1.00 1.00 1.00 1.35 
21 0.00 0.00 0.00 0.50 0.50 0.80 0.20 0.75 1.00 1.00 1.00 1.05 
8 22 0.00 0.00 0.00 0.50 0.20 0.50 0.20 0.65 1.00 1.00 1.00 1.35 
23 0.00 0.00 0.00 0.50 0.20 0.80 0.50 0.95 1.00 1.00 1.00 1.05 
24 0.00 0.00 0.00 0.50 0.80 0.50 0.50 0.75 1.00 1.00 1.00 1.35 
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Table 111.2 Fruits and Vegetables and Food Safety 
Standard Green No Pesticides 
Choice 
Block Card Ins Her Fun Price Ins Her Fun Price Ins Her Fun Price 
I 1 0.00 0.00 0.00 6.50 0.20 0.50 0.20 6.50 1.00 1.00 1.00 13.50 
2 0.00 0.00 0.00 9.50 0.20 0.80 0.50 9.50 1.00 1.00 1.00 10.50 
3 0.00 0.00 0.00 7.50 0.20 0.20 0.80 7.50 1.00 1.00 1.00 13.50 
2 4 0.00 0.00 0.00 6.50 0.20 0.50 0.20 6.50 1.00 1.00 1.00 8.50 
5 0.00 0.00 0.00 7.50 0.20 0.20 0.80 7.50 1.00 1.00 1.00 10.50 
6 0.00 0.00 0.00 7.50 0.50 0.80 0.20 7.50 1.00 1.00 1.00 13.50 
3 7 0.00 0.00 0.00 7.50 0.20 0.20 0.80 7.50 1.00 1.00 1.00 8.50 
8 0.00 0.00 0.00 7.50 0.50 0.80 0.20 7.50 1.00 1.00 1.00 10.50 
9 0.00 0.00 0.00 6.50 0.50 0.20 0.50 6.50 1.00 1.00 1.00 13.50 
4 10 0.00 0.00 0.00 7.50 0.50 0.80 0.20 7.50 1.00 1.00 1.00 8.50 
11 0.00 0.00 0.00 6.50 0.50 0.20 0.50 6.50 1.00 1.00 1.00 10.50 
12 0.00 0.00 0.00 9.50 0.50 0.50 0.80 9.50 1.00 1.00 1.00 13.50 
5 13 0.00 0.00 0.00 6.50 0.50 0.20 0.50 6.50 1.00 1.00 1.00 8.50 
14 0.00 0.00 0.00 9.50 0.50 0.50 0.80 9.50 1.00 1.00 1.00 10.50 
15 0.00 0.00 0.00 9.50 0.80 0.20 0.20 9.50 1.00 1.00 1.00 13.50 
6 16 0.00 0.00 0.00 6.50 0.80 0.80 0.80 6.50 1.00 1.00 1.00 8.50 
17 0.00 0.00 0.00 9.50 0.80 0.20 0.20 9.50 1.00 1.00 1.00 10.50 
18 0.00 0.00 0.00 7.50 0.80 0.50 0.50 7.50 1.00 1.00 1.00 13.50 
7 19 0.00 0.00 0.00 7.50 0.80 0.50 0.50 7.50 1.00 1.00 1.00 8.50 
20 0.00 0.00 0.00 6.50 0.80 0.80 0.80 6.50 1.00 1.00 1.00 10.50 
21 0.00 0.00 0.00 9.50 0.20 0.80 0.50 9.50 1.00 1.00 1.00 13.50 
8 22 0.00 0.00 0.00 6.50 0.20 0.50 0.20 6.50 1.00 1.00 1.00 10.50 
23 0.00 0.00 0.00 6.50 0.80 0.80 0.80 6.50 1.00 1.00 1.00 13.50 
24 0.00 0.00 0.00 7.50 0.80 0.50 0.50 7.50 1.00 1.00 1.00 10.50 
I' 
0 ,9 
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